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@  Visual  image  sensor  system. 
©  A  visual  image  sensor  system  for  detecting  an  abnormal 
change  in  a  monitored  scene  is  disclosed,  wherein  normal 
changes  (D11  to  D1n)  which  may  occur  in  the  monitored 
scene  are  previously  memorized  to  be  selectively  compared 
with  changes  in  the  monitored  scene,  whereby  the  normal 
changes  are  discriminated  from  the  actual  abnormal  change 
to  be  detected.  An  alarm  is  issued  when  the  monitored  scene 
includes  a  change  different  from  any  of  the  memorized 
normal  changes  (D1  1  to  D1  n)  selected  according  to  one  or 
more  rational  selection  standards  (I,  t),  whereby  false  or 
redundant  alarms  due  to  the  normal  changes  are  prevented. 
For  further  precise  detection,  abnormal  changes  which  may 
occur  in  the  monitored  scene  are  also  previously  memorized 
to  be  compared  with  the  changes  in  the  monitored  scene. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  v i s u a l   i m a g e   s e n s o r  

s y s t e m   w h i c h ,   in  d e t e c t i n g   an  a b n o r m a l   c h a n g e   in  a  p i c t u r e  

m o n i t o r e d   by  a  v i d e o   c a m e r a ,   i s s u e s   an  a l a r m   and  t r a n s m i t s ,  

i f   n e c e s s a r y ,   p i c t u r e   i n f o r m a t i o n   v i a   a  t e l e p h o n e   l i n e  

a f t e r   i n f o r m a t i o n   c o m p r e s s i o n .   More  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   r e l a t e s   to  a  v i s u a l   image   s e n s o r   s y s t e m   in  w h i c h  

t he   e m p l o y m e n t   of  a r t i f i c i a l   i n t e l l i g e n c e   t e c h n i q u e  

r e a l i z e s   p r o p e r   j u d g m e n t   and  m i n i m i z e s   t h e   n u m b e r   of  f a l s e  

a l a r m s .  

A  c o n v e n t i o n a l   p i c t u r e   c h a n g e   d e t e c t o r   s y s t e m   f o r  

d e t e c t i n g   an  i n t r u d e r   o r   a n o t h e r   a b n o r m a l   c o n d i t i o n s ,   s u c h  

as  d i s c l o s e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  46791  o f  

1980  o p e n e d   on  D e c e m b e r   11,  1980  u n d e r   P r o v i s i o n a l  

P u b l i c a t i o n   No.  1 5 9 6 8 4 / 8 0 ,   c o m p a r e s   an  i n p u t   p i c t u r e   w i t h   a  

p r e - s e t   p i c t u r e   to  i s s u e   an  a l a r m   when  a  d i f f e r e n c e   b e t w e e n  

the   two  p i c t u r e s   i s   g r e a t e r   t h a n   a  p r e d e t e r m i n e d   l e v e l .  

S a i d   d i f f e r e n c e   i s   e v a l u a t e d   by  an  a v e r a g e d   v a l u e   and  a  

maximum  v a l u e   of  a b s o l u t e   d i f f e r e n t i a l   v a l u e s   b e t w e e n  

p i c t u r e   s i g n a l s   of  s a i d   two  p i c t u r e s   in  o r d e r   to  e l i m i n a t e  

f a l s e   d e t e c t i o n   c a u s e d   by  a  n o i s e .   In  t h i s   p r i o r   a r t ,  

h o w e v e r ,   t h e r e   i s   a  d r a w b a c k   t h a t  n o r m a l   c h a n g e s   w h i c h   m a y  

o c c u r   in  t h e   i n p u t   p i c t u r e   a r e   no t   d i s c r i m i n a t e d   f r o m  

a c t u a l   a b n o r m a l   c h a n g e s   to   be  d e t e c t e d .   For   i n s t a n c e ,   w h e n  

a  m o n i t o r e d   r e g i o n   i s   s e t   o u t d o o r s ,   t h e   i n p u t   p i c t u r e  

m o n i t o r e d   by  a  v i d e o   c a m e r a   mus t   i n c l u d e   c h a n g e s   in  s h a d e d  

p o r t i o n s ,   as  t h e   sun  c h a n g e s   i t s   p o s i t i o n .   Even   i f   t h e  

m o n i t o r e d   r e g i o n   i s   s e t   i n d o o r s ,   t he   i n p u t   p i c t u r e   m u s t  

i n c l u d e   c h a n g e s   in  s h a d e d   p o r t i o n s   when  i l l u m i n a t i o n   i s  

t u r n e d   on  or  t u r n e d   o f f .   T h e s e   c h a n g e s ,   t h o u g h   t h e y   a r e  

no t   a b n o r m a l   c o n d i t i o n s ,   a r e   d e t e c t e d   as  p i c t u r e   c h a n g e s   t o  

i s s u e   f a l s e   or  r e d u n d a n t   a l a r m s   in  t he   c o n v e n t i o n a l   p i c t u r e  

c h a n g e   d e t e c t o r .  

A n o t h e r   t y p e   of  p i c t u r e   c h a n g e   d e t e c t o r   s y s t e m ,   s u c h   a s  



d i s c l o s e d   in  U . S .   P a t e n t   No.  4 , 3 3 7 , 4 8 1 ,   c a r r i e s   o u t  

s c a n n i n g   a t   two  d i f f e r e n t   r a t e s   in  o r d e r   to  more   r e l i a b l y  

d e t e c t   f a s t   and  s l ow   m o t i o n   in  a  s c e n e   b e i n g   v i e w e d .   I n  

t h i s   p r i o r   a r t ,   a l t h o u g h   t h e   r a t e   of  t he   c h a n g e   i s  

d e t e c t e d ,   d i r e c t i o n s   or  t r a c k s   of  t he   c h a n g e   a r e   no t   t a k e n  

i n t o   to   c o n s i d e r a t i o n .   T h e r e f o r e ,   t h i s   p r i o r   s y s t e m   c a n n o t  

d i s c r i m i n a t e ,   f o r   i n s t a n c e ,   a  g u e s t   a t   an  e n t r a n c e   f r o m   a n  

i l l e g a l   i n t r u d e r   t h r o u g h   a  w i n d o w   or   o v e r   a  f e n c e ,   w h i c h  

a l s o   i n c r e a s e s   f a l s e   or  r e d u n d a n t   a l a r m s .  

The  a b o v e   d i s a d v a n t a g e s   o r   d r a w b a c k s   have   b e e n  

e l i m i n a t e d   by  t h e   p r e s e n t   i n v e n t i o n   w h i c h   i n c l u d e s   m e a n s  

f o r   m e m o r i z i n g   a  p l u r a l i t y   of  s t a n d a r d   p i c t u r e   d a t a  

i n c l u d i n g   n o r m a l   c h a n g e s   w h i c h   may  o c c u r   in  t h e   m o n i t o r e d  

s c e n e ,   and  means   f o r   m e m o r i z i n g   one  or   more  s e l e c t i o n  

s t a n d a r d s   f o r   s e l e c t i n g   s t a n d a r d   p i c t u r e   d a t a   to  b e  

c o m p a r e d   w i t h   s a i d   m o n i t o r e d   p i c t u r e   d a t a .   In  g e n e r a l ,   a  

p i c t u r e   c h a n g e   d e t e c t o r   s y s t e m   of  t h e   t y p e   h a v i n g   a  v i d e o  

c a m e r a   f o r   m o n i t o r i n g   a  g i v e n   r e g i o n   to  g e n e r a t e   m o n i t o r e d  

p i c t u r e   d a t a   n o r m a l l y   i n c l u d e s   a  p i c t u r e   memory   f o r  

m e m o r i z i n g   a  s t a n d a r d   p i c t u r e   d a t a   to  be  c o m p a r e d   w i t h   t h e  

m o n i t o r e d   p i c t u r e   d a t a   and  a  c o m p a r a t o r   means   f o r   d e t e c t i n g  

a  d i f f e r e n c e   b e t w e e n   t he   m o n i t o r e d   p i c t u r e   d a t a   and  t h e  

s t a n d a r d   p i c t u r e   d a t a .   F a l s e   a l a r m s   or   r e d u n d a n t   a l a r m s  

h a v e   b e e n   c a u s e d   when  t he   m o n i t o r e d   p i c t u r e   d a t a   i n c l u d e   a  

p i c t u r e   c h a n g e   w h i c h   i s   l a r g e   e n o u g h   to  be  d e t e c t e d   by  t h e  

c o m p a r a t o r   means   and  is   n e v e r t h e l e s s   a  n o r m a l   p i c t u r e  

c h a n g e .   The  p r e s e n t   i n v e n t i o n   i s   d e v i s e d   in  v i e w   of  t h i s  

c a u s e   of  f a l s e   or   r e d u n d a n t   a l a r m s ,   w h e r e i n   a  p l u r a l i t y   o f  

m o n i t o r e d   p i c t u r e   d a t a   i n c l u d i n g   n o r m a l   p i c t u r e   c h a n g e s  

l a r g e   e n o u g h   to  be  d e t e c t e d   by  t h e   c o m p a r a t o r   means   a r e  

p r e v i o u s l y   m e m o r i z e d   and  s e l e c t i v e l y   c o m p a r e d   w i t h   t h e  

m o n i t o r e d   p i c t u r e ,   s a i d   s e l e c t i o n   b e i n g   c a r r i e d   o u t  

r a t i o n a l l y   in  a c c o r d a n c e   w i t h   one  or  more  s e l e c t i o n  

s t a n d a r d s   m e m o r i z e d   p r e v i o u s l y ,   w h e r e b y   the   s e n s o r   s y s t e m  

a c q u i r e s   d i s c r i m i n a t i n g   a b i l i t y   to  know  t h e   n o r m a l   c h a n g e s  



w h i c h   may  o c c u r   in  t h e   m o n i t o r e d   s c e n e   f rom  t he   a c t u a l  

a b n o r m a l   c h a n g e s   to  be  d e t e c t e d ,   r e s u l t i n g   in  e l i m i n a t i o n  

of  f a l s e   or  r e d u n d a n t   a l a r m s .  

I t   i s   t h e r e f o r e   a  p r i m a r y   o b j e c t   of  t he   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  v i s u a l   i m a g e   s e n s o r   s y s t e m   c a p a b l e  

of  d i s c r i m i n a t i n g   a  n o r m a l   c h a n g e   w h i c h   may  o c c u r   in  a  

m o n i t o r e d   s c e n e   f r o m   an  a c t u a l   a b n o r m a l   c h a n g e   to  b e  

d e t e c t e d   and  i s s u e s   an  a l a r m   o n l y   in  d e t e c t i n g   t h e   l a t t e r .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   t he   v i s u a l   i m a g e   s e n s o r   s y s t e m   i s   p r o v i d e d   w i t h  

means   f o r   m e m o r i z i n g   a  p l u r a l i t y   of  s t a n d a r d   p i c t u r e   d a t a  

i n c l u d i n g   a b n o r m a l   s i t u a t i o n s   w h i c h   may  o c c u r   in  t h e  

m o n i t o r e d   s c e n e ,   and  means   f o r   c o m p a r i n g   t h e   m o n i t o r e d  

p i c t u r e   d a t a   w i t h   s a i d   m e m o r i z e d   p i c t u r e   d a t a   to  i d e n t i f y   a  

d e t e c t e d   o b j e c t ,   w h e r e i n   a b n o r m a l   o b j e c t s   a r e   d i s c r i m i n a t e d  

f rom  n o r m a l   o n e s   on  j u d g m e n t   s t a n d a r d s   p r e v i o u s l y   m e m o r i z e d  

as  to  t h e   r e s p e c t i v e   o b j e c t s .  

I t   i s   t h e r e f o r e   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  v i s u a l   i m a g e   s e n s o r   s y s t e m   c a p a b l e   o f  

i d e n t i f i n g   a  d e t e c t e d   o b j e c t   and  j u d g i n g   t h e   s c e n e  

i n t e l l i g e n t l y .  

In  a c c o r d a n c e   w i t h   p r e f e r r e d   e m b o d i m e n t s   of  t he   p r e s e n t  

i n v e n t i o n ,   s e v e r a l   p i c t u r e   c o m p r e s s i o n   t r a n s m i s s i o n   s y s t e m s  

a s s o c i a t e d   w i t h   t h e   v i s u a l   image   s e n s o r   a r e   e m p l o y e d   f o r  

t r a n s m i t t i n g   t h e   m o n i t o r e d   p i c t u r e   in  d e t e c t i n g   t he   p i c t u r e  

c h a n g e ,   so  t h a t   t h e   u s e r   can  be  i m m e d i a t e l y   i n f o r m e d   o f  

c r i t i c a l   s i t u a t i o n s   in   t h e   m o n i t o r e d   s c e n e .  

T h e s e   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   b e c o m e   more   a p p a r e n t   f rom  t he   d e t a i l e d  

d e s c r i p t i o n   t h e r e o n   t a k e n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s .  

In  t he   d r a w i n g s ,  

F i g .   1  i s   a  b l o c k   d i a g r a m   i n c l u d i n g   a  p r i m a r y   c h a n g e  

d e t e c t o r   c i r c u i t   e m p l o y e d   in  a  f i r s t   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ;  



F i g .   2  i s   a  s c h e m a t i c   i l l u s t r a t i o n   to  h e l p   e x p l a i n  

p r o j e c t i o n   c a l c u l a t i o n   in  t h e   p r i m a r y   c h a n g e   d e t e c t o r  

c i r c u i t ;  

F i g .   3  i s   a  b l o c k   d i a g r a m   i n c l u d i n g   a  s e c o n d a r y   c h a n g e  

d e t e c t o r   c i r c u i t   e m p l o y e d   in   t h e   f i r s t   e m b o d i m e n t ;  

F i g .   4  i s   a  b l o c k   d i a g r a m   i n c l u d i n g   a  p a t t e r n  

v e r i f i c a t i o n   c i r c u i t   e m p l o y e d   in   t h e   f i r s t   e m b o d i m e n t ;  

F i g .   5  i s   a  b l o c k   d i a g r a m   of  a  r e c e i v e r   c i r c u i t   e m p l o y e d  

in  t h e   f i r s t   e m b o d i m e n t ;  

F i g .   6,  F i g .   7,  F i g s .   8A  and  8B,  and  F i g .   9  a r e  

s c h e m a t i c   i l l u s t r a t i o n s   to  h e l p   e x p l a i n   t he   o p e r a t i o n   of  a  

s p a t i a l   f i l t e r   e m p l o y e d   in  t he   f i r s t   e m b o d i m e n t ;  

F i g s .   10A  and  10B  a r e   b l o c k   d i a g r a m s   s h o w i n g  

r e s p e c t i v e l y   an  e n c o d i n g   c i r c u i t   and  a  d e c o d i n g   c i r c u i t  

e m p l o y e d   in  t h e   f i r s t   e m b o d i m e n t ;  

F i g s .   11A  and  11B  a r e   b l o c k   d i a g r a m s   s h o w i n g   m o d i f i e d  

c i r c u i t s   of  t h e   e n c o d i n g   and  t h e   d e c o d i n g   c i r c u i t s   in   F i g s .  

10A  and  1 0 B ;  

F i g s .   12A  and  12B  a r e   b l o c k   d i a g r a m s   s h o w i n g   a  

p a r t i c u l a r   c a s e   of  t h e   e n c o d i n g   and  t h e   d e c o d i n g   c i r c u i t s  

in  F i g s .   11A  and  1 1 B ;  

F i g s .   13A  and  13B  a r e   b l o c k   d i a g r a m s   s h o w i n g  

r e s p e c t i v e l y   ma in   p a r t s   of  t he   e n c o d i n g   and  t h e   d e c o d i n g  

c i r c u i t s   in  F i g s .   11A  and  1 1 B ;  

F i g s .   14A  and  14B  a r e   b l o c k   d i a g r a m s   of  t h e   e n c o d i n g   a n d  

t he   d e c o d i n g   c i r c u i t s   p r i o r   to  t h e   c i r c u i t s   in  F i g s .   10A 

and  1 0 B ;  

F i g .   15,  F i g .   16,  F i g .   17,  F i g .   18,  F i g .   19,  and  F i g .   2 0  

a r e   r e s p e c t i v e l y   g r a p h i c a l   r e p r e s e n t a t i o n s   s h o w i n g  

q u a n t i z a t i o n   c h a r a c t e r i s t i c s   w h i c h   may  be  e m p l o y e d   in   t h e  

a b o v e   e n c o d i n g   and  d e c o d i n g   c i r c u i t s ;  

F i g .   21  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   s h o w i n g   a  c i r c u i t  

of  a  s e c o n d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   22  i s   a  f l o w   c h a r t   s h o w i n g   t h e   o p e r a t i o n   of  t h e  

s e c o n d   e m b o d i m e n t ;  

F i g s .   23A  and  23B  a r e   b l o c k   d i a g r a m s   s h o w i n g  



r e s p e c t i v e l y   a  t r a n s m i t t e r   c i r c u i t   and  a  r e c e i v e r   c i r c u i t  

e m p l o y e d   in  a  t h i r d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   24  i s   a  f l o w   c h a r t   to  h e l p   e x p l a i n   t he   o p e r a t i o n   o f  

a  c h a n g e   d e t e c t o r   c i r c u i t   e m p l o y e d   in  t he   t h i r d   e m b o d i m e n t ;  

F i g s .   25A  and  25B  a r e   wave  fo rm  c h a r t s   to  h e l p   e x p l a i n  

t he   o p e r a t i o n   of  a  c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   c i r c u i t  

e m p l o y e d   in  t h e   t h i r d   e m b o d i m e n t ;  

F i g s .   26A  and  26B  a r e   b l o c k   d i a g r a m s   s h o w i n g  

r e s p e c t i v e l y   an  e n c o d i n g   c i r c u i t   and  a  d e c o d i n g   c i r c u i t  

w h i c h   may  be  e m p l o y e d   in  t he   t h i r d   e m b o d i m e n t ;  

F i g .   26C  is   a  b l o c k   d i a g r a m   s h o w i n g   a  m o d i f i e d   c i r c u i t  

of  t h e   e n c o d i n g   c i r c u i t   in  F i g .   2 6 A ;  

F i g s .   27A  and  27B  a r e   b l o c k   d i a g r a m s   s h o w i n g  

r e s p e c t i v e l y   a  t r a n s m i t t e r   c i r c u i t   and  a  r e c e i v e r   c i r c u i t  

e m p l o y e d   in   a  f o u r t h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   28  i s   an  e x p l a n a t o r y   b l o c k   d i a g r a m   to  h e l p   e x p l a i n  

t he   o p e r a t i o n   of  a  main   p a r t   of  t h e   t r a n s m i t t e r   c i r c u i t   i n  

F i g .   2 7 A ;  

F i g .   29  i s   a  s c h e m a t i c   i l l u s t r a t i o n   to  h e l p   e x p l a i n   t h e  

o p e r a t i o n   of  a  s p a t i a l   f i l t e r   w h i c h   may  be  e m p l o y e d   in  t h e  

f o u r t h   e m b o d i m e n t ;  

F i g s .   30A  and  30B  a r e   b l o c k   d i a g r a m s   s h o w i n g  

r e s p e c t i v e l y   a  t r a n s m i t t e r   c i r c u i t   and  a  r e c e i v e r   c i r c u i t  

e m p l o y e d   in  a  f i f t h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g s .   31A  to  31I   a r e   t i m i n g   c h a r t s   to  h e l p   e x p l a i n   t h e  

o p e r a t i o n   of  t h e   f i f t h   e m b o d i m e n t ;  

F i g s .   32A  and  32B  a r e   b l o c k   d i a g r a m s   s h o w i n g   a  

t r a n s m i t t e r   c i r c u i t   and  a  r e c e i v e r   c i r c u i t   e m p l o y e d   in  a  

s i x t h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g s .   33A  and  33B  a r e   b l o c k   d i a g r a m   s h o w i n g   r e s p e c t i v e l y  

an  e n c o d i n g   c i r c u i t   and  a  d e c o d i n g   c i r c u i t   w h i c h   may  b e  

e m p l o y e d   in  t he   s i x t h   e m b o d i m e n t ;   a n d  

F i g s .   34A,  34B,  and  34C  a r e   s c h e m a t i c   i l l u s t r a t i o n s   t o  

h e l p   e x p l a i n   t h e   o p e r a t i o n   of  t he   s i x t h   e m b o d i m e n t .  

R e f e r r i n g   now  to  t h e   d r a w i n g s   and  p a r t i c u l a r l y   to  F i g s .  



1  to  5,  t h e r e   i s   i l l u s t r a t e d   a  f i r s t   p r e f e r r e d   e m b o d i m e n t  

of  t h e   p r e s e n t   i n v e n t i o n .   F i g .   1,  F i g .   3,  and  F i g .   4,  w h e n  

c o n n e c t e d   t o g e t h e r   as  i n d i c a t e d ,   i l l u s t r a t e   a  b l o c k   d i a g r a m  

of  a  v i s u a l   i m a g e   s e n s o r   s y s t e m   i n c l u d i n g   p i c t u r e  

t r a n s m i s s i o n   m e a n s .   In  F i g .   1,  a  p l u r a l i t y   of  m o n i t o r i n g  

v i d e o   c a m e r a s   11  to   1   a r e   s w i t c h e d   by  a  c a m e r a   s e l e c t o r  

s w i t c h   2,  and  r e s p e c t i v e l y   s e n d   v i d e o   s i g n a l s   to  a  

s y n c h r o n o u s   s i g n a l   s e p a r a t o r   c i r c u i t   3.  T h e  s y n c h r o n o u s  

s i g n a l   s e p a r a t o r   c i r c u i t   3  s e p a r a t e s   a  h o r i z o n t a l   and  a  

v e r t i c a l   s y n c h r o n o u s   s i g n a l s   f rom  a  p i c t u r e   s i g n a l   in  t h e  

v i d e o   s i g n a l .   When  e x t e r n a l l y   s y n c h r o n i z e d   c a m e r a s   a r e  

e m p l o y e d ,   t h e   s y n c h r o n o u s   s i g n a l   s e p a r a t o r   c i r c u i t   3  i s  

u s e d   f o r   a  s y n c h r o n o u s   s i g n a l   g e n e r a t o r   c i r c u i t   w h i c h  

s u p p l i e s   a  s y n c h r o n o u s   s i g n a l   to  t h e   c a m e r a s .   The  p i c t u r e  

s i g n a l   i s   c o n v e r t e d   i n t o   d i g i t a l   v a l u e s   by  an  A/D  c o n v e r t e r  

( o r   A n a l o g - t o - D i g i t a l   c o n v e r t e r )   4,  and  s t o r e d   in  a  f r a m e  

memory   5.  Each   d i g i t a l   v a l u e   may  be  r e p r e s e n t e d   by  6  to  8 

b i t s   b i n a r y   c o d e .   In  t h e   p r e s e n t   e m b o d i m e n t ,   one  p i c t u r e  

in  t h e   f r a m e   memory   5  c o n s i s t s   of  256  m u l t i p i e d   by  2 5 6  

p i c t u r e   e l e m e n t s ,   e a c h   of  w h i c h   i s   r e p r e s e n t e d   by  8  b i t s  

b i n a r y   c o d e .   The  p i c t u r e ,   t h e r e f o r e ,   has  256  g r e y   l e v e l s  

and  i s   m o n o c h r o m e .   The  a d d r e s s   c o u n t e r   6  r e c e i v e s   t h e  

s y n c h r o n o u s   s i g n a l   f rom  t h e   s y n c h r o n o u s   s i g n a l   s e p a r a t o r  

c i r c u i t   3  and  g e n e r a t e s   w r i t i n g   a d d r e s s e s   f o r   t he   f r a m e  

memory   5  as  i t s   o u p u t .  

A  p r i m a r y   c h a n g e   d e t e c t o r   c i r c u i t   10  c o m p u t e s   a b s o l u t e  

v a l u e s   of  f r a m e - t o - f r a m e   d i f f e r e n t i a l   s i g n a l s ,   and  sums  u p  
s a i d   a b s o l u t e   v a l u e s   in   X  and  Y  d i r e c t i o n s   in  o r d e r   t o  

o b t a i n   p r o j e c t i o n   of   s a i d   d i f f e r e n t i a l   s i g n a l s   on  X  and  Y 

a x e s   as  shown  in  F i g .   2.  The  p r o j e c t i o n   t h u s   o b t a i n e d   i s  

u t i l i z e d   f o r   e v a l u a t i n g   p i c t u r e   c h a n g e   m a g n i t u d e   a n d  

d e t e r m i n i n g   c o o r d i n a t e   of  a  c h a n g e d   r e g i o n .   A  p r i m a r y   d a t a  

e x t r a c t o r   c i r c u i t   11  e x t r a c t s   r o u g h   p i c t u r e   d a t a   f rom  f i n e  

p i c t u r e   d a t a   c o n s i s t i n g   of  256  m u l t i p l i e d   by  256  p i c t u r e  

e l e m e n t s   in  t h e   f r a m e   memory  5.  The  r o u g h   p i c t u r e   d a t a   o r  

t h e   e x t r a c t e d   d a t a   Da  c o n s i s t s   of  64  m u l t i p l i e d   by  64 



p i c t u r e   e l e m e n t s ,   e a c h   of  w h i c h   i s   d e r i v e d   f r o m   4 

m u l t i p l i e d   by  4  p i c t u r e   e l e m e n t s   of  s a i d   f i n e   p i c t u r e   d a t a .  

In  o r d e r   to  be  p r o o f   a g a i n s t   s p i k e   n o i s e s ,   t h e   e x t r a c t e d  

d a t a   Da  may  be  an  a v e r a g e d   d a t a   of   a  g r o u p   of  4  m u l t i p l i e d  

by  4  p i c t u r e   e l e m e n t s   s u r r o u n d i n g   e a c h   c h a n g e   d e t e c t i o n  

l a t t i c e   w h i c h   c o r r e s p o n d s   to  s a i d   64  m u l t i p l i e d   by  64 

p i c t u r e   e l e m e n t s .  

A  p r i m a r y   s t a n d a r d   d a t a   s e t t i n g   c i r c u i t   12  r e g i s t e r s   t h e  

e x t r a c t e d   d a t a   Da  c o r r e s p o n d i n g   to   b a c k g r o u n d   p i c t u r e s   of  a  

m o n i t o r e d   r e g i o n   i n t o   a  memory   c i r c u i t   13  as  p r i m a r y  

e x t r a c t e d   s t a n d a r d   d a t a   D l l   to  D l n ,   and  a l s o   d e t e r m i n e s   a  

t h r e s h o l d   l e v e l   to  d e t e c t   a  p i c t u r e   c h a n g e .   The  m o n i t o r e d  

r e g i o n   i s   d e t e r m i n e d   by  a  c o n d i t i o n   s e t t i n g   c o n t r o l l e r   65 

in  F i g .   4.  The  m o n i t o r e d   r e g i o n   g e n e r a l l y   i n c l u d e s   i n s i d e  

t h e r e o f   a  r e g i o n   f o r   p i c t u r e   c h a n g e   d e t e c t i o n   in  o r d e r   t o  

p r e v e n t   a  c h a n g e d   o b j e c t   s u c h   as  an  i n t r u d e r   f rom  b e i n g  

c a u g h t   by  i t s   e d g e   p a r t   o n l y .  

The  p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   D11  to  DIn  or  t h e  

s t a n d a r d   p i c t u r e   d a t a   c o m p r i s e   a  p l u r a l i t y   of  d a t a  

i n d i c a t i n g   n o r m a l   c h a n g e s   c a u s e d   by  t i m e   l a p s e   or   a  c h a n g e  

of  l i g h t   i n t e n s i t y   a t   t h e   m o n i t o r e d   r e g i o n .   The  p r i m a r y  

e x t r a c t e d   s t a n d a r d   d a t a   D l l   to  Dln  s t o r e d   in  t he   m e m o r y  
c i r c u i t   13  a r e   s e l e c t i v e l y   r e a d   o u t   by  i n s t r u c t i o n s   f rom  a  

p r i m a r y   s t a n d a r d   d a t a   s e l e c t o r   c i r c u i t   14  in  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   l i g h t   i n t e n s i t y   d e t e c t e d   by  a n  

i l l u m i n o m e t e r   7  and  the   p r e s e n t   t i m e   c o u n t e d   by  a  c l o c k   8 ,  

and  l o a d e d   i n t o   an  a b s o l u t e   v a l u e   c i r c u i t   15.  T h a t   i s   t o  

s a y ,   t he   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   c o r r e s p o n d i n g   t o  

t h e   p r e s e n t   l i g h t   i n t e n s i t y   and  c o r r e s p o n d i n g   to  t h e  

p r e s e n t   t i m e   a r e   r e a d   ou t   f rom  t h e   memory  c i r c u i t   1 3 .  

The  a b s o l u t e   v a l u e   c i r c u i t   15  r e a d s   t h e   p r i m a r y  

e x t r a c t e d   d a t a   Da  e x t r a c t e d   f rom  t he   f r a m e   memory  5  by  t h e  

p r i m a r y   d a t a   e x t r a c t o r   c i r c u i t   11,  t he   p r i m a r y   e x t r a c t e d  

s t a n d a r d   d a t a   D l i   s e l e c t i v e l y   r e a d   ou t   f rom  t he   m e m o r y  
c i r c u i t   13  by  t h e   p r i m a r y   s t a n d a r d   d a t a   s e l e c t o r   c i r c u i t  

14,  and  p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a   Db  of  t h e   p r e v i o u s  



p i c t u r e   t h a t   i s   p r e v i o u s   to  t h e   c u r r e n t   p i c t u r e .   T h e  

l a t t e r   two  or   t h e   d a t a   D l i   and  Db  d e f i n e   t h e   s t a n d a r d  

p i c t u r e s   f o r   r e f e r e n c e .   The  a b s o l u t e   v a l u e   c i r c u i t   15  

c a l c u l a t e s   d i f f e r e n t i a l   v a l u e s   b e t w e e n   t h e   p r i m a r y  

e x t r a c t e d   d a t a   Da  and  t h e   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a  

D l i   or   t h e   p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a   Db,  a n d  

c a l c u l a t e s   a b s o l u t e   v a l u e s   by  e l i m i n a t i n g   n e g a t i v e   s i g n s  

f rom  or   s q u a r i n g   t h e   r e s p e c t i v e   d i f f e r e n t i a l   v a l u e s   i n  

o r d e r   to   e v a l u a t e   c h a n g e   m a g n i t u d e   in  r e s p e c i v e   p i c t u r e  

e l e m e n t s .   The  p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a   Db  of  t h e  

p r e v i o u s   p i c t u r e   may  be  a v e r a g e d   p i c t u r e   d a t a   of  a  

p l u r a l i t y   of  f u r t h e r   p r e v i o u s   p i c t u r e   d a t a ,   w h i c h   a l l o w s  

t h e   s t a n d a r d   p i c t u r e   to   be  r e n e w e d   in  a c c o r d a n c e   w i t h   a  

v e r y   s l o w   p i c t u r e   c h a n g e   s u c h   as  a  p i c t u r e   c h a n g e   c a u s e d   b y  

a  c h a n g e   of  s u n s h i n e .  

The  a b s o l u t e   v a l u e   c i r c u i t   15  c o m p r i s e s   p r o c e s s   f o r  

e x a m i n i n g   c h a n g e   m a g n i t u d e   in   e a c h   p i c t u r e   e l e m e n t .  

N a m e l y ,   in   t h i s   p r o c e s s ,   t h e   a b s o l u t e   v a l u e   c i r c u i t   15  

e x a m i n e s   w h e t h e r   or   no t   t h e   c h a n g e   m a g n i t u d e   in   e a c h  

p i c t u r e   e l e m e n t   i s   g r e a t e r   t h a n   a  s t a n d a r d   v a l u e   Rl  f o r  

c h a n g e   d e t e c t i o n   of  a  p i c t u r e   e l e m e n t .   The  s t a n d a r d   v a l u e  

R1  i s   d e t e r m i n e d   s u c h   t h a t   t h e   c h a n g e   m a g n i t u d e   i s   v a l i d  

when  i t   i s   g r e a t e r   t h a n   t h e   s t a n d a r d   v a l u e   R1.  When  t h e  

c h a n g e   m a g n i t u d e   of  a  c e r t a i n   p i c t u r e   e l e m e n t   i s   n o t  

g r e a t e r   t h a n   t h e   s t a n d a r d   v a l u e   R1,  t he   a b s o l u t e   v a l u e  

c i r c u i t   15  makes   t h e   c h a n g e   m a g n i t u d e   of  t h a t   p i c t u r e  

e l e m e n t   z e r o .  

The  d e t e c t e d   d a t a   c o n c e r n i n g   t h e   c h a n g e   m a g n i t u d e   i n  

p i c t u r e   e l e m e n t s ,   w h i c h   a r e   o b t a i n e d   by  e x a m i n i n g   t h e   s a m e  
in  t h e   a b s o l u t e   v a l u e   c i r c u i t   15,  a r e   u t i l i z e d   f o r   t h e  

c a l c u l a t i o n   of  p r o j e c t i o n   in  a  p r o j e c t i o n   c a l c u l a t o r  

c i r c u i t   16.  The  p r o j e c t i o n   means   t h e   r e s p e c t i v e l y   s u m m e d  

up  v a l u e s   of  t h e   c h a n g e   m a g n i t u d e   in  X  and  Y  d i r e c t i o n s .  

As  i l l u s t r a t e d   in   F i g .   2,  t h e   sum  of  s a i d   d e t e c t e d   d a t a  

c o n c e r n i n g   c h a n g e   m a g n i t u d e   of   t h e   p i c t u r e   e l e m e n t s  

i n c l u d e d   in   r e s p e c t i v e   l i n e s   p a r a l l e l   to  t h e   Y  a x i s   a r e  



p r o j e c t e d   on  t he   X  a x i s   as  p r o j e c t e d   d a t a   on  t h e   X  a x i s ,  

and  t h e   sum  of  s a i d   d e t e c t e d   d a t a   c o n c e r n i n g   c h a n g e  

m a g n i t u d e   of  t he   p i c t u r e   e l e m e n t s   i n c l u d e d   in  r e s p e c t i v e  

l i n e s   p a r a l l e l   to  t h e   X  a x i s   a r e   p r o j e c t e d   on  t h e   Y  a x i s   a s  

p r o j e c t e d   d a t a   on  t h e   Y  a x i s .   Owing  to  s a i d   c h a n g e  

d e t e c t i o n   of  p i c t u r e   e l e m e n t s   in  t h e   a b s o l u t e   v a l u e   c i r c u i t  

15,  t h e   c h a n g e   m a g n i t u d e   of  t h e   r e s p e c t i v e   p i c t u r e   e l e m e n t s  

b e l o w   s a i d   s t a n d a r d   v a l u e   R1  i n f l i c t   no  i n f l u e n c e   on  t h e  

p r o j e c t i o n   or   t h e   summed  up  v a l u e s ,   so ,   A/D  c o n v e r s i o n  

e r r o r s   or   n o i s e s   a r e   e l i m i n a t e d   f rom  t h e   p r o j e c t i o n ,   w h i c h  

a l l o w s   a  f u r t h e r   p r e c i s e   c h a n g e   d e t e c t i o n .  

A  p r i m a r y   c h a n g e   j u d g m e n t   c i r c u i t   17  c a l c u l a t e s   m i n i m u m  

v a l u e s   X1,  Y1,  and  maximum  v a l u e s   X2,  Y2  of  t h e   X,  Y 

c o o r d i n a t e   in  w h i c h   s a i d   p r o j e c t e d   d a t a   on  t h e   X  a x i s   a n d  

p r o j e c t e d   d a t a   on  t h e   Y  a x i s   r e s p e c t i v e l y   s u r p a s s   a  

s t a n d a r d   v a l u e   R2  of  p r o j e c t i o n   i n t e n s i t y ,   w h e r e b y   c h a n g e  

d e t e c t i o n   c o o r d i n a t e   ( X 1 , Y 1 ) ,   ( X 2 , Y 2 )   of  a  r e c t a n g u l a r  

r e g i o n   a r e   d e t e r m i n e d .   W i t h i n   s a i d   r e c t a n g u l a r   r e g i o n ,   X 

c o o r d i n a t e   is   g r e a t e r   t h a n   X1  and  s m a l l e r   t h a n   X2,  and  Y 

c o o r d i n a t e   is   g r e a t e r   t h a n   Y1  and  s m a l l e r   t h a n   Y2.  When 

the   s i z e   of  t h i s   r e c t a n g u l a r   r e g i o n   s u r p a s s e s   a  r e g i o n   s i z e  

s t a n d a r d   v a l u e   R3  or   (XR3,YR3)   of  p r o j e c t e d   r e g i o n ,   i . e . ,  

when  (X2-X1)   is   g r e a t e r   t h a n   XR3  and  (Y2-Y1)   i s   g r e a t e r  

t h a n   YR3,  t he   c i r c u i t   17  j u d g e s   a  p i c t u r e   c h a n g e   to   b e  

e x i s t e n t .  

S e q u e n c e   c o n t r o l   of  c h a n g e   d e t e c t i o n ,   or   t h e   c h a n g e  

d e t e c t i o n   p r o c e s s   f r o m   t h e   a b s o l u t e   v a l u e   c i r c u i t   15  to  t h e  

p r i m a r y   c h a n g e   j u d g m e n t   c i r c u i t   17  i s   r e p e a t e d l y   c a r r i e d  

out   f o r   c o m p a r i n g   t h e   c u r r e n t   p i c t u r e   w i t h   a  p l u r a l i t y   o f  

s t a n d a r d   p i c t u r e s   s u c h   as  t h e   p r i m a r y   e x t r a c t e d   s t a n d a r d  

d a t a   D l i   c o r r e s p o n d i n g   to  t h e   b a c k g r o u n d   p i c t u r e s   or  t h e  

p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a   Db  c o r r e s p o n d i n g   to  t h e  

p r e v i o u s   p i c t u r e .   When  t h e   c u r r e n t   p i c t u r e   i s   d i f f e r e n t  

f rom  any   of  t he   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   D l i  

c o r r e s p o n d i n g   to  t h e   b a c k g r o u n d   p i c t u r e s   c o m p r i s i n g   n o r m a l  

p i c t u r e   c h a n g e s ,   and  a l s o   d i f f e r e n t   f rom  t h e   p r i m a r y  



e x t r a c t e d   p r e v i o u s   d a t a   Db  c o r r e s p o n d i n g   to  t h e   p r e v i o u s  

p i c t u r e ,   a  f i n a l   d e c i s i o n   i s   made  t h a t   a  p i c t u r e   c h a n g e   i s  

e x i s t e n t .  

As  t h e   c a s e   may  be ,   t he   c u r r e n t   p i c t u r e   i s ,   f o r  

i n s t a n c e ,   c o m p a r e d   w i t h   t he   p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a  

Db  of  t h e   p r e v i o u s   p i c t u r e   f i r s t l y   and  t h e r e a f t e r   c o m p a r e d  

w i t h   t h e   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   D l i   of   t h e  

b a c k g r o u n d   p i c t u r e s   s e c o n d l y .   In  a n o t h e r   c a s e ,   t he   c u r r e n t  

p i c t u r e   i s   c o m p a r e d   w i t h   t h e   f o r m e r   o n l y   or   w i t h   t h e  

p r i m a r y   e x t r a c t e d   p r e v i o u s   d a t a   Db  of  t h e   p r e v i o u s   p i c t u r e  

o n l y .   The  a b o v e   two  c a s e s   a r e   s e l e c t e d   in  a c c o r d a n c e   w i t h  

a  s e l e c t e d   m a n n e r   of  p i c t u r e   t r a n s m i s s i o n ,   e t c .   The  c h a n g e  

d e t e c t i o n   c o o r d i n a t e   ( X 1 , Y 1 ) ,   ( X 2 , Y 2 )   of  t h e   r e c t a n g u l a r  

r e g i o n   f i n a l l y   o b t a i n e d   c o r r e s p o n d   to  t h e   s t a n d a r d   p i c t u r e  

f i n a l l y   c o m p a r e d .  

B e f o r e   t r a n s m i t t i n g   p i c t u r e   i n f o r m a t i o n   a t   t h e   t i m e   o f  

s a i d   c h a n g e   d e t e c t i o n ,   a  p r i m a r y   c h a n g e d   r e g i o n   j u d g m e n t  

c i r c u i t   18  o v e r   a g a i n   c a l c u l a t e s   t h e   min imum  v a l u e s   X1,  Y 1 ,  

and  t h e   maximum  v a l u e s   X2,  Y2  of  X,  Y  c o o r d i n a t e   in  w h i c h  

s a i d   p r o j e c t e d   d a t a   on  the   X  a x i s   and  p r o j e c t e d   d a t a   on  t h e  

Y  a x i s   r e s p e c t i v e l y   s u r p a s s   a  s t a n d a r d   v a l u e   R5  of  a  

p r o j e c t i o n   c h a n g e ,   w h e r e b y   c h a n g e d   r e g i o n   c o o r d i n a t e  

( X 1 , Y 1 ) ,   (X2 ,Y2)   of  a  r e c t a n g u l a r   r e g i o n   a r e   o b t a i n e d  

a g a i n .   The  c i r c u i t   18  p r o d u c e s ,   as  i t s   o u t p u t ,   s a i d  

c o o r d i n a t e   and  a  j u d g m e n t   r e s u l t   of  a  p r i m a r y   c h a n g e  

d e t e c t i o n .   S a i d   v a l u e   R5  i s   s m a l l e r   t h a n   s a i d   v a l u e   R2  i n  

g e n e r a l .   P i c t u r e   i n f o r m a t i o n   of  t h e   r e c t a n g u l a r   r e g i o n  

d e t e r m i n e d   by  s a i d   c h a n g e d   r e g i o n   c o o r d i n a t e   ( X l , Y l ) ,  

( X 2 , Y 2 )   or   a  r e c t a n g u l a r   r e g i o n   c o m p r i s i n g   a  c o n s t a n t   w i d t h  

r e g i o n   s u r r o u n d i n g   s a i d   r e c t a n g u l a r   r e g i o n   may  be  q u i c k l y  

t r a n s m i t t e d   by  a  b l o c k   t r a n s m i s s i o n   m o d e .  

N a m e l y ,   t he   p i c t u r e   i n f o r m a t i o n   of  s a i d   r e c t a n g u l a r  

r e g i o n s   i s   c o m p r e s s e d   in  a  d a t a   c o m p r e s s o r   c i r c u i t   40  

i l l u s t r a t e d   in  F i g .   3  by  u s i n g   a  DPCM  s y s t e m   of  l i n e - t o -  

l i n e   p r e d i c t i o n   r e s i d u a l s   or   a  v a r i a b l e   s a m p l i n g   r a t e  

c o d i n g   s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s .   A f t e r  



s a i d   i n f o r m a t i o n   c o m p r e s s i o n ,   z e r o   c o d e   /  z e r o   l i n e  

c o m p r e s s i o n   c o d i n g   i s   c a r r i e d   ou t   in  a  c o d e r   c i r c u i t   4 2 .  

A f t e r   t h e s e   two  s t a g e s   of  i n f o r m a t i o n   c o m p r e s s i o n ,   p i c t u r e  

i n f o r m a t i o n   i s   n a r r o w - b a n d   t r a n s m i t t e d   u n d e r   t he   c o n t r o l   o f  

a  t r a n s m i s s i o n   c o n t r o l l e r   45  i l l u s t r a t e d   in  F i g .   4  t h r o u g h  

a  MODEM  ( M O d u l a t i n g   and  D E M o d u l a t i n g   d e v i c e )   43,  a  NCU 

( N e t w o r k   C o n t r o l l i n g   U n i t )   44,  and  a  t e l e p h o n e   l i n e   L .  

When  a  p i c t u r e   c h a n g e   i s   d e t e c t e d ,   t h e   NCU  24  a u t o m a t i c a l l y  

d i a l s   t e l e p h o n e   c o m m u n i c a t i o n   m e a n s ,   and  t r a n s m i t s   p i c t u r e  

i n f o r m a t i o n   of  t h e   w h o l e   of  or   a  c h a n g e d   p a r t   of  t h e  

m o n i t o r e d   p i c t u r e   or   t h e   c u r r e n t   p i c t u r e .  

S a i d   p i c t u r e   i n f o r m a t i o n   t r a n s m i s s i o n   makes   i t   p o s s i b l e  

to  a s c e r t a i n   by  a  t r a n s m i t t e d   p i c t u r e   w h e t h e r   an  a b n o r m a l  

c o n d i t i o n   has   a c t u a l l y   o c c u r r e d   or  a  f a l s e   a l a r m   has   b e e n  

i s s u e d ,   and  to  t a k e   r a p i d   c o u n t e r m e a s u r e s   by  r e p o r t i n g   to   a  

p o l i c e   s t a t i o n   or   a  f i r e   b r i g a d e   s t a t i o n   or   by  d i s p a t c h i n g  

t h e   p e r s o n n e l ,   e t c .   In  t he   p r e s e n t   e m b o d i m e n t ,   as  p i c t u r e  

i n f o r m a t i o n   i s   t r a n s m i t t e d   t h r o u g h   a  t e l e p h o n e   l i n e   L,  i t  

i s   e c o n o m i c a l   as  c o m p a r e d   w i t h   a  d e v i c e   u s i n g   a  p e r s o n a l  

p i c t u r e   t r a n s m i s s i o n   c i r c u i t .   A  s i m p l e   and  c h e a p   p i c t u r e  

m o n i t o r i n g   d e v i c e   can   be  f a b r i c a t e d   w h i c h   c o m p r i s e s   s a i d  

means   f o r   p r i m a r y   p i c t u r e   c h a n g e   d e t e c t i o n   and  means   f o r  

t r a n s m i t t i n g   t h e   c h a n g e d   p a r t   of  t h e   p i c t u r e ,   w h e r e o f   a n  

e x p l a n a t i o n   w i l l   be  g i v e n   h e r e i n a f t e r   t o g e t h e r   w i t h   t h e  

e x p l a n a t i o n   of  a  p i c t u r e   c o m p r e s s i o n   t r a n s m i s s o n   s y s t e m .  

When  no  c h a n g e   i s   d e t e c t e d   as  a  r e s u l t   of  t he   c o m p a r i s o n  

b e t w e e n   t h e   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   D l i  

c o r r e s p o n d i n g   to   t h e   b a c k g r o u n d   p i c t u r e   and  t he   p r i m a r y  

e x t r a c t e d   d a t a   Da  c o r r e s p o n d i n g   to  t h e   c u r r e n t   p i c t u r e ,   i t  

is   p r e f e r a b l e   to  r e p l a c e   the   d a t a   D1i  by  t he   p r i m a r y  

e x t r a c t e d   d a t a   Da,  w h e r e b y   f a l s e   a l a r m s   c a u s e d   by  n o r m a l  

and  n a t u r a l   c h a n g e s   s u c h   as  t h o s e   of  s u n s h i n e   e t c .   a r e  

e l i m i n a t e d .   As  i s   s u g g e s t e d   b e f o r e ,   t he   c h a n g e   d e t e c t i o n  

o p e r a t i o n   b e c o m e s   e s p e c i a l l y   s t a b i l i z e d   a g a i n s t   s m a l l  

c h a n g e s   of  a  p i c t u r e   by  e m p l o y i n g   a v e r a g e d   d a t a   of  p r e v i o u s  

p i c t u r e s   as  t he   p r i m a r y   e x t r a c t e d   s t a n d a r d   d a t a   D l i  



c o r r e s p o n d i n g   to  t he   b a c k g r o u n d   p i c t u r e .  

A f t e r   t h e   p r i m a r y   c h a n g e   d e t e c t i o n ,   a  s e c o n d a r y   c h a n g e  

d e t e c t o r   c i r c u i t   20,  w h i c h   is   i l l u s t r a t e d   in  F i g .   3,  r e a d s  

in  t h e   p i c t u r e   d a t a   f rom  t he   f r a m e   memory  5  a n d  

d i f f e r e n t i a t e s   s a i d   p i c t u r e   d a t a   in   a  d i f f e r e n t i a t i o n  

c i r c u i t   29,  and  c o n v e r t s   the   d i f f e r e n t i a t e d   p i c t u r e   d a t a  

i n t o   a  l i n e   d r a w i n g   d a t a   on  t h e   b a s i s   of  e d g e s   and  c o n t o u r s  

in  a  l i n e   d r a w i n g   g e n e r a t o r   c i r c u i t   30.  R e f e r e n c e   d a t a   Dc 

f o r   g e n e r a t i n g   t h e   l i n e   d r a w i n g   d a t a   a r e   g i v e n   by  o p e r a t o r s  

of  a  s p a t i a l   f i l t e r ,   w h i c h   has   w i n d o w s   w h o s e   l a t t i c e   s i z e  

is   3  m u l t i p l i e d   by  3  or  5  m u l t i p l i e d   by  5,  e t c .   F o r  

i n s t a n c e ,   as  i l l u s t r a t e d   in  F i g .   6,  o p e r a t o r s   of  a  3 

m u l t i p l e d   by  3  s p a t i a l   f i l t e r   a r e   e x p r e s s e d   by  w i n d o w s   A  t o  

I .   S a i d   o p e r a t o r s   c h a n g e   t he   v a l u e   of  a  c o o r d i n a t e   ( i , j )  

i n t o   a  sum  of  p i c t u r e   e l e m e n t   v a l u e s   i n c l u d i n g   s u r r o u n d i n g  

p i c t u r e   e l e m e n t s   as  i l l u s t r a t e d   in  F i g .   7  m u l t i p l i e d   b y  

r e s p e c t i v e l y   w e i g h t e d   w i n d o w s   in  F i g .   6.  N a m e l y ,   when  a  

v a l u e   V ( i , j )   is   a  b r i g h t n e s s   v a l u e   of  a  p i c t u r e   e l e m e n t   a t  

c o o r d i n a t e   ( i , j ) ,   t he   v a l u e   V ( i , j )   a f t e r   o p e r a t i o n   of  t h e  

s p a t i a l   f i l t e r   b e c o m e s   t he   summed  up  v a l u e   of  m u l t i p l e s   o f  

t h e   r e s p e c t i v e   v a l u e s   of  t he   o r i g i n a l   p i c t u r e   e l e m e n t s   b y  

t h e   r e s p e c t i v e   w e i g h t s   of  c o r r e s p o n d i n g   w i n d o w s ,   w h i c h   c a n  
be  e x p r e s s e d   by  t h e   f o l l o w i n g   m a t h e m a t i c a l   e x p r e s s i o n :  

The  s p a t i a l   f i l t e r   o p e r a t i o n   as  m e n t i o n e d   a b o v e   has   b e e n  

u t i l i z e d   in   p i p e   l i n e   p r o c e s s o r s   f o r   d i g i t a l   s i g n a l  

p r o c e s s i n g ,   m i c r o - p r o g r a m m i n g   s y s t e m   of  b i t   s l i c e  

p r o c e s s o r s ,   or   p a r a l l e l   p r o c e s s i n g   by  d a t a   f l o w   p r o c e s s o r s ,  
and  can   be  u t i l i z e d   f o r   r e a l - t i m e   p r o c e s s i n g   of  an  ITV 

s i g n a l   a t   t h e   r a t e   of  30  p i c t u r e s   p e r   s e c o n d .  

V a r i o u s   v a l u e s   a r e   a s s i g n e d   to  s a i d   w i n d o w s   A  to  I  f o r  

g e n e r a t i n g   t h e   l i n e   d r a w i n g ,   and  t h e s e   v a l u e s   a r e   i n c l u d e d  

in  t h e   r e f e r e n c e   d a t a   Dc  f o r   g e n e r a t i g   t h e   l i n e   d r a w i n g  

d a t a .   F i g s .   8A  and  8B  i l l u s t r a t e   e x a m p l e s   of  k n o w n  

o p e r a t o r s   f o r   d i f f e r e n t i a t i o n .   F i g .   8A  shows   t e t r a -  

d i r e c t i o n a l   L a p l a c i a n   and  F i g .   8B  shows  o c t a - d i r e c t i o n a l  



L a p l a c i a n .   F i g .   9  shows  R o b i n s o n   o p e r a t o r s ,   w h i c h   a l l o w   t o  

c a l c u l a t e   edge   i n t e n s i t y   or  edge   d i r e c t i o n   by  a  m a x i m u m  

o u t p u t   v a l u e   among  8  v a l u e s   t h a t   a r e   o b t a i n e d   by  o p e r a t i o n  

of  8  t e m p l e t   o p e r a t o r s   TMO  to  TM7. 

In  t he   p r o c e s s   of  g e n e r a t i n g   the   l i n e   d r a w i n g   d a t a ,   a  

b i n a r y   p i c t u r e   c o m p r i s i n g   b r i g h t n e s s   and  d a r k n e s s   o n l y   i s  

made  ou t   of  an  e m p h a s i z e d   p i c t u r e   t h a t   is   e m p h a s i z e d   in  i t s  

e d g e s   and  c o n t o u r s   by  d i f f e r e n t i a t i o n   f o r   e n s u r i n g   l i n e  

d e t e c t i o n .   S a i d   b i n a r y   p i c t u r e   i n c l u d e s   b r o k e n   l i n e s ,  

w h i c h   a r e   s h a p e d   i n t o   c o n n e c t e d   l i n e s   in  s a i d   l i n e   d r a w i n g  

g e n e r a t o r   c i r c u i t   22.  In  t he   l i n e   d r a w i n g   g e n e r a t o r  
c i r c u i t   22,  t o o ,   o p e r a t o r s   of  t he   s p a t i a l   f i l t e r   h a v i n g   3 

m u l t i p l i e d   by  3  or  5  m u l t i p l i e d   by  5  l a t t i c e   s i z e   a s  

i l l u s t r a t e d   in  F i g .   6  a r e   u t i l i z e d   f o r   s h a p i n g   p r o c e s s   b y  

p r o p a g a t i o n   d e g e n e r a t i o n   of  t he   b i n a r y   p i c t u r e   or  e x t e n d i n g  

p r o c e s s   by  d e t e c t i n g   l i n e   c o n n e c t i o n .  

Edges   and  c o n t o u r s   a r e   i m p o r t a n t   s o u r c e s   of  i n f o r m a t i o n  

in  o r d e r   to  i d e n t i f y   t he   s h a p e   of  an  o b j e c t ,   and  t h e y   a r e  

a d v a n t a g e o u s l y   l e s s   a f f e c t e d   by  c h a n g e s   of  e x t e r n a l   l i g h t  

i n t e n s i t y   c a u s e d   by  the   w e a t h e r ,   h e a d l i g h t s   of  a n  

a u t o m o b i l e ,   a  neon   s i g n ,   e t c .   t h a n   a  mere   d i f f e r e n c e  

b e t w e e n   l i g h t   and  s h a d e   i s .   In  t he   p r e s e n t   i n v e n t i o n ,   t h e  

a b o v e   m e n t i o n e d   c h a r a c t e r i s t i c s   of  e d g e s   and  c o n t o r u s   a r e  

u t i l i z e d   f o r   d e s i g n a t i n g   i m p o r t a n t   l i n e s   among  the   l i n e  

d r a w i n g s   by  a  c o n d i t i o n   s e t t i n g   c o n t r o l l e r   65  and  a  l i n e  

d r a w i n g   d i s p l a y   c i r c u i t   66.  F u r t h e r   p r e c i s e   m o n i t o r i n g   c a n  

be  r e a l i z e d   by  j u d g i n g   w h e t h e r   or  not   s a i d   i m p o r t a n t   l i n e s  

a r e   c o n c e a l e d   by  s o m e t h i n g .  

In  t he   s e c o n d a r y   c h a n g e   d e t e c t o r   c i r c u i t   19,  l i n e  

d r a w i n g   d a t a   of  t he   b a c k g r o u n d   of  the   m o n i t o r e d   r e g i o n   a r e  

r e g i s t e r e d   by  a  s e c o n d a r y   d a t a   s e t t i n g   c i r c u i t   23  i n t o   a  

memory  c i r c u i t   24  as  a  p l u r a l i t y   of  s e c o n d a r y   s t a n d a r d   d a t a  

D21  to  D2n.  A  s t a n d a r d   v a l u e   f o r   c h a n g e   j u d g m e n t   is  a l s o  

r e g i s t e r e d   in  t he   memory  c i r c u i t   24.  S i m i l a r l y   to  t h e  

p r i m a r y   c h a n g e   d e t e c t i o n ,   a  d i f f e r e n c e   e x t r a c t o r   c i r c u i t   26 

c a l c u l a t e s   a  d i f f e r e n c e   b e t w e e n   l i n e   d r a w i n g   d a t a   D2a  o f  



t h e   c u r r e n t   p i c t u r e   and  l i n e   d r a w i n g   d a t a   D2b  of  t h e  

p r e v i o u s   p i c t u r e .   The  d i f f e r e n c e   e x t r a c t o r   c i r c u i t   26  a l s o  

c a l c u l a t e s   a  d i f f e r e n c e   b e t w e e n   t h e   s e c o n d a r y   s t a n d a r d   d a t a  

D2i  and   t he   l i n e   d r a w i n g   d a t a   D2a  of  t he   c u r r e n t   p i c t u r e .  

A  s e c o n d a r y   s t a n d a r d   d a t a   s e l e c t o r   c i r c u i t   25  s e l e c t s  

s e c o n d a r y   s t a n d a r d   d a t a   D2i  among  s a i d   s e c o n d a r y   s t a n d a r d  

d a t a   D21  to  D2n  in  a c c o r d a n c e   w i t h   l i g h t   i n t e n s i t y   a n d / o r  

t i m e   d a t a   o b t a i n e d   f rom  t h e   i l l u m i n o m e t e r   7  a n d / o r   a  c l o c k  

8,  j u s t   l i k e   t h e   c a s e   of  t h e   p r i m a r y   c h a n g e   d e t e c t i o n .  

A  s e c o n d a r y   c h a n g e   j u d g m e n t   c i r c u i t   27  c o m p a r e s   t h e  

d i f f e r e n c e   b e t w e e n   t h e   s e c o n d a r y   s t a n d a r d   d a t a   D2i  and  t h e  

l i n e   d r a w i n g   d a t a   D2a  of  t h e   c u r r e n t   p i c t u r e   w i t h   t h e  

s t a n d a r d   v a l u e   f o r   c h a n g e   j u d g m e n t   of  t h e   l i n e   d r a w i n g .  

When  a  c a l c u l a t e d   v a l u e   i s   g r e a t e r   t h a n   t h e   j u d g m e n t  

s t a n d a r d   v a l u e ,   t h e   s e c o n d a r y   c h a n g e   j u d g m e n t   c i r c u i t   2 7  

j u d g e s   an  a b n o r m a l   c h a n g e   to  be  e x i s t e n t .   At  t h i s  

o c c u r e n c e ,   a  l i n e   d r a w i n g   c l i p p i n g   c i r c u i t   28  c l i p s   t h e  

c h a n g e d   p o r t i o n   of  t h e   l i n e   d r a w i n g   d a t a .  

The  a b o v e   m e n t i o n e d   p r o c e s s   s i m p l i f i e s   and  e n s u r e s  

v e r i f i c a t i o n   of  p i c t u r e   d a t a   of  b i n a r y   p i c t u r e s   in  w h i c h  

i m p o r t a n t   l i n e s   o n l y   a r e   c o m p a r e d .   Main  l i n e s   of  t h e  

s c e n e s   n e c e s s a r y   to  a s c e r t a i n   and  v e r i f y   t h e   l o c a t i o n   o f  

i m p o r t a n t   l i n e s   of  l i n e   d r a w i n g   d a t a   of  t h e   p r e - s e t  

m o n i t o r e d   r e g i o n   b a c k g r o u n d   a r e   d e s i g n a t e d   by  t h e   c o n d i t i o n  

s e t t i n g   c o n t r o l l e r   65  and  t h e   l i n e   d r a w i n g   d i s p l a y   c i r c u i t  

66,  and   t he   s c e n e s   a r e   e x p r e s s e d   as  a  k i n d   of  g r a p h   or   a s  

r e l a t i o n s h i p   b e t w e e n   l i n e s   ( o r   b r a n c h s )   and  t h e i r  

c o n n e c t i o n s   ( o r   n o d e s ) ,   w h i c h   a r e   r e g i s t e r e d   i n t o   t h e  

memory   c i r c u i t   24  as  a  p l u r a l i t y   of  s e c o d a r y   s t a n d a r d   d a t a  

D21  to   D2n  in  a c c o r d a n c e   w i t h   t i m e   and  l i g h t   i n t e n s i t y .  

The  l i n e   d r a w i n g   d a t a   a r e   d e s c r i b e d   in  a  c l a s s e d   l i s t  

f o r m .   The  i m p o r t a n t   l i n e s   in  l i n e   d r a w i n g   d a t a   and  m a i n  

l i n e s   in   t he   s c e n e s   in  t he   l i s t   f o r m   a r e   l a b e l l e d   w i t h   t h e  

a i d   of   t he   l i n e   d r a w i n g   d i s p l a y   c i r c u i t   66.  C o o r d i n a t e ,  

t h e   k i n d   of  l i n e s ,   and  r e l a t i o n s h i p   of  m u t u a l   c o n n e c t i o n   o f  

l i n e s   a r e   e x p r e s s e d   by  c l a s s e d   or   c o m p r e h e n s i v e   l i s t   f o r m s ,  



w h e r e i n   g e n e r a l   c o m p o s i t i o n   i s   d e s c r i b e d   by  main   l i n e s   i n  

an  u p p e r   c l a s s   and  d e t a i l e d  c o m p o s i t i o n   is   d e s c r i b e d   in  a  

l o w e r   c l a s s .  

The  v e r i f i c a t i o n   i s   c a r r i e d   ou t   in  t h e   d i f f e r e n c e  

e x t r a c t o r   c i r c u i t   26,  c o n c e r n i n g   l i n e   d r a w i n g   d a t a   o f  

b i n a r y   p i c t u r e   f i r s t l y ,   i . e . ,   c o n c e r n i n g   t h e   l i n e   d r a w i n g  

d a t a   D2a  of  t h e   c u r r e n t   p i c t u r e   and  t h e   l i n e   d r a w i n g   d a t a  

D2b  of  t he   p r e v i o u s   p i c t u r e   or   t h e   s e c o n d a r y   s t a n d a r d   d a t a  

D2i ,   and  i m p o r t a n t   l i n e s   a r e   c o m p a r e d   by  l i s t   v e r i f i c a t i o n  

in  a c c o r d a n c e   w i t h   t h e   o r d e r   f rom  t h e   u p p e r   c l a s s   down  t o  

t he   l o w e r   c l a s s   a f t e r   a s c e r t a i n i n g   t h e   c o r r e s p o n d i n g  

r e l a t i o n s h i p   b e t w e e n   l i n e   d r a w i n g   d a t a   in  t h e   l i s t   fo rm  a n d  

t he   l i n e   d r a w i n g   d a t a   of  t h e   b i n a r y   p i c t u r e .  

In  o r d e r   t h a t   t h e   v e r i f i c a t i o n   m i g h t   be  c a r r i e d   o u t  

u n i q u e l y   in  t h e   u p p e r   c l a s s ,   t h e   c o r r e s p o n d i n g  

r e l a t i o n s h i p s   of  n o d e s   and  b r a n c h e s   of  ma in   l i n e s   of  t h e  

s c e n e s   a r e   d e t e r m i n e d   s u c h   t h a t   t h e   i d e n t i f i c a t i o n   in  t h e  

u p p e r   c l a s s   can   be  c a r r i e d   ou t   e a s i l y   and  d i s t i n c t l y .  

B a s i c a l l y   s p e a k i n g ,   t h e   l o c a t i o n   of  n o d e s   and  b r a n c h s   m a k e  

no  c h a n g e   in  t h e   same  p i c t u r e .   T h e r e f o r e ,   when  i m p o r t a n t  

l i n e s   a r e   f o u n d   to  be  i n c o n s i s t e n t ,   t he   s e c o n d a r y   c h a n g e  

j u d g m e n t   c i r c u i t   27  j u d g e s   a  c h a n g e   to  be  e x i s t e n t .  

The  l i n e   d r a w i n g   c l i p p i n g   c i r c u i t   28  c l i p s   t he   c h a n g e d  

p o r t i o n s   of  l i n e   d r a w i n g   d a t a   in  t h e   l i s t   f o r m   or   t he   l i n e  

d r a w i n g   d a t a   of  t h e   b i n a r y   p i c t u r e .   As  t h e   s u r r o u n d i n g  

p o r t i o n s   of  e x t i n g u i s h e d   l i n e s   as  c o m p a r e d   w i t h   t h e  

s e c o n d a r y   s t a n d a r d   d a t a   D2i  a r e   s u r r o u n d e d   by  a p p e a r i n g  

l i n e s ,   l i n e   d r a w i n g s   s u r r o u n d e d   by  t h e   p e r i p h e r y   of  t h e s e  

a p p e a r i n g   l i n e s   a r e   c l i p p e d .   When  a  c h a n g e   of  t he   l i n e  

d r a w i n g   d a t a   i s   d e t e c t e d   in  t he   c o u r s e   of  t r a n s m i s s i o n   o f  

p i c t u r e   d a t a ,   t h e   c l i p p e d   l i n e   d r a w i n g   d a t a   a r e   c o m p r e s s e d  

by  a  l i n e   d r a w i n g   d a t a   c o m p r e s s o r   c i r c u i t   41,  and  t h e  

d i r e c t i o n   of  c o o r d i n a t e   of  end  p o i n t s   and  t he   d i r e c t i o n   o f  

a  s e r i e s   of  p o i n t s   c o n n e c t e d   t h e r e t o   a r e   c o d e d   in  1  to  3 

b i t s   p e r   one  l i n k   in   a  c o d e r   c i r c u i t   42  by  a  k n o w n  

F r e e m a n ' s   c h a i n   c o d e ,   and  n a r r o w - b a n d   t r a n s m i t t e d   t h r o u g h  



t h e   MODEM  43,  t h e   NCU  44,  and  t h e   t e l e p h o n e   l i n e   L  u n d e r  

t h e   c o n t r o l   of  t h e   t r a n s m i s s i o n   c o n t r o l l e r   45  i l l u s t r a t e d  

in  F i g .   4 .  

S a i d   l i n e   d r a w i n g   d a t a   t r a n s m i s s i o n   makes   i t   p o s s i b l e ,  

e v e n   i f   t h e   p i c t u r e   d a t a   of  c h a n g e d   r e g i o n   i s   u n d e r  

t r a n s m i s s i o n ,   to  r e p o r t   t h e   p h a s e   of  c h a n g e s   or  t h e  

l o c a t i o n   c h a n g e   e v e r y   moment   by  l i n e   d r a w i n g   d a t a   w h e n  

c h a g e s   a r e   e x i s t e n t .   T h e r e f o r e ,   t h e   a b n o r m a l   s i t u a t i o n s  

can   be  j u d g e d   more   p r e c i s e l y   by  o b s e r v i n g   t h e   m a n n e r   o f  

m o t i o n .   I t   i s   a l s o   p o s s i b l e   to  i s s u e   a  f u r t h e r   p r e c i s e  

a l a r m   f r e e   f rom  t h e   i n f l u e n c e   of  e x t e r n a l   l i g h t   by  t he   u s e  

of  an  a l a r m   p r o c e s s i n g .  

A l t h o u g h   s a i d   c h a n g e   j u d g m e n t   s t a n d a r d   of  l i n e   d r a w i n g s  

c o r r e s p o n d s   to   a  c h a n g e   l e v e l ,   t h e   j u d g m e n t   s t a n d a r d   may  b e  

s e p a r a t e l y   s e t   f o r   i m p o r t a n t   l i n e   d r a w i n g s ,   f o r   n o t   s o  

i m p o r t a n t   l i n e   d r a w i n g s ,   and  f o r   n e g l e c t a b l e   l i n e   d r a w i n g s .  

In  t h i s   c a s e ,   when  t h e   i m p o r t a n t   l i n e   d r a w i n g s   c h a n g e ,   a n  

a l a r m   l e v e l   i s   s e t   h i g h l y .   When  t h e   i m p o r t a n t   l i n e  

d r a w i n g s   do  no t   c h a n g e   and  n o t   so  i m p o r t a n t   l i n e   d r a w i n g s  

c h a n g e ,   t h e   a l a r m   l e v e l   i s   s e t   in  t h e   m i d d l e .   W h e n  

n e g l e c t a b l e   l i n e   d r a w i n g s   c h a n g e   o n l y ,   t h e   c h a n g e   i s  

n e g l e c t e d   and  t h e   l i n e   d r a w i n g   c l i p p i n g   c i r c u i t   28  do  n o t  

o p e r a t e .  

In  t h e   m e a n w h i l e ,   a l t h o u g h   o c c u r r e n c e   of  an  a b n o r m a l  

s i t u a t i o n   can  be  j u d g e d   by  t h e   p r i m a r y   c h a n g e   d e t e c t i o n   a n d  

t h e   s e c o n d a r y   c h a n g e   d e t e c t i o n   d e s c r i b e d   in   F i g .   1  and  F i g .  

3  r e s p e c t i v e l y ,   a  p a t t e r n   v e r i f i c a t i o n   c i r c u i t   30  a s  

i l l u s t r a t e d   in   F i g .   4  i s   e m p l o y e d   in  o r d e r   to  e n s u r e  

f u r t h e r   p r e c i s e   j u d g m e n t ,   w h i c h   can   be  r e g a r d e d   as  a  t h i r d  

c h a n g e   d e t e c t i o n .   S a i d   p r o c e s s   in   t h e   s e c o n d a r y   c h a n g e  

d e t e c t o r   c i r c u i t   20  is   s i m i l a r   to  t h a t   of  t h i s   p a t t e r n  

v e r i f i c a t i o n   c i r c u i t   30  in  t h a t   t h e   v e r i f i c a t i o n   of  p i c t u r e  

d a t a   f o r   c h a n g e   d e t e c t i o n   i s   c a r r i e d   ou t   by  s o - c a l l e d  

s y m b o l i c   p r o c e s s i n g .  

In  t h e   p a t t e r n   v e r i f i c a t i o n   c i r c u i t   30,  a  v a r i e t y   o f  

p a t t e r n s   of  a b n o r m a l   s i t u a t i o n s   and  c h a n g e d   o b j e c t s   a r e  



r e g i s t e r e d   in  a d v a n c e   i n t o   a  memory  c i r c u i t   ( o r   k n o w l e d g e  

b a s e )   35  as  s t a n d a r d   p i c t u r e   d a t a   by  a  p a t t e r n   s e t t i n g  

c i r c u i t   34  u n d e r   t he   c o n t r o l   of  t he   c o n d i t i o n   s e t t i n g  

c o n t r o l l e r   65,  and  a  m o d e l   i d e n t i f i e r   c i r c u i t   36  j u d g e s   t h e  

a b n o r m a l   s i t u a t i o n s   and  v e r i f i e s   t he   c h a n g e d   o b j e c t s   b y  

c o m p a r i n g   t h e   c u r r e n t   p i c t u r e   d a t a   w i t h   t h e   r e g i s t e r e d  

p a t t e r n s .   A  f e a t u r e   e x t r a c t o r   c i r c u i t   31  r e a d s   t h e   l i n e  

d r a w i n g   d a t a   of  t he   b i n a r y   p i c t u r e ,   and  e x t r a c t s   f e a t u r e s  

t h a t   a r e   e s s e n t i a l   and  f u n d a m e n t a l   e l e m e n t s ;   f e a t u r e   p o i n t s  

s u c h   as  end  p o i n t s ,   b e n t   p o i n t s ,   and  i n t e r s e c t i o n s   of  l i n e  

d r a w i n g s   in  a c c o r d a n c e   w i t h   p h y s i c a l   r u l e s ;   and  c l o s e d  

r e g i o n s   s u r r o u n d e d   by  l i n e   d r a w i n g s .   The  e x t r a c t e d  

f e a t u r e s   a r e   l a b e l l e d   and  made  i n t o   l i s t - f o r m e d   l i n e  

d r a w i n g   d a t a   in   t h e   f e a t u r e   e x t r a c t o r   c i r c u i t   31.  A 

s t r u c t u r e   a n a l y z e r   c i r c u i t   32  and  a  p a t t e r n   g e n e r a t o r  
c i r c u i t   33  g e n e r a t e   s a i d   p a t t e r n s   to  be  r e g i s t e r e d   a s  

c l a s s e d   l i s t s .  

In  m o n i t o r i n g   c o n d i t i o n ,   t h e   s t r u c t u r e   a n a l y z e r   c i r c u i t  

32  a n a l y z e s   t h e   r e l a t i o n s h i p s   b e t w e e n   t he   f e a t u r e s   t h a t   a r e  

e s s e n t i a l   and  f u n d a m e n t a l   e l e m e n t s   and  the   f e a t u r e s  

e x p r e s s e d   by  c o n n e c t i o n   r e l a t i o n s h i p s   b a s e d   on  p h y s i c a l  

r u l e s   s u c h   t h a t   t he   r e l a t i o n s h i p s   a r e   o r d e r e d   a c c o r d i n g   t o  

c o m p r e h e n s i v e   r e l a t i o n s h i p .  

In  c i r c u m s t a n c e s   s e t t i n g   c o n d i t i o n ,   t he   s t r u c t u r e  

a n a l y z e r   c i r c u i t   32  l a b e l s   t he   l i s t - f o r m e d   l i n e   d r a w i n g  

d a t a   w i t h   t h e   a i d   of  t he   l i n e   d r a w i n g   d i s p l a y   c i r c u i t   66  i n  

a c c o r d a n c e   w i t h   m a n u a l   i n p u t   by  u s i n g   a  m o n i t o r  C R T   63  a n d  

a  l i g h t - p e n   64,  and  e x p r e s s e s   c o o r d i n a t e   or   t he   k i n d   o f  

l i n e s   and  m u t u a l   c o n n e c t i o n   r e l a t i o n s h i p   of  l i n e s   i n  

c l a s s e d   or  c o m p r e h e n s i v e   l i s t - f o r m e d   m o d e l s ,   w h e r e b y   t h e  

p a t t e r n s   to  be  r e g i s t e r e d   a r e   g e n e r a t e d .  

In  s a i d   l i s t - f o r m e d   m o d e l ,   g e n e r a l   s t r u c t u r e   i s   shown  b y  

main   l i n e s   in  t h e   u p p e r   c l a s s   s u c h   as  c o n t o u r s   and  f r a m e  

l i n e s   and  m i n u t e   s t r u c t u r e   i s   shown  in  t he   l o w e r   c l a s s .  

The  l i s t - f o r m e d   m o d e l   is   e q u i v a l e n t   to   a  t r e e - s t r u c t u r e  

g r a p h ,   w h i c h   has   a  d a t a   name  or  t he   name  of  t he   c h a n g e d  



o b j e c t   a t   i t s   r o o t ,   u p p e r   c l a s s   d a t a   a t   i t s   n o d e s ,   a n d  

l o w e r   c l a s s   d a t a   a t   i t s   l e a v e s ,   and  i s   a c c o m p a n i e d   b y  

r e s t r i c t i o n   c o n d i t i o n s   f o r   r e c o g n i t i o n   or  r u l e s   f o r  

i n t e r p r e t i n g   m e a n i n g s   of  t h e   s c e n e s .   In  a d d i t i o n ,   l o c a t i o n  

i n f o r m a t i o n   i s   n o r m a l i z e d   as  to  t h e   u p p e r   c l a s s   in   o r d e r   t o  

a l l o w   v e r i f i c a t i o n   by  n u m e r i c a l   c a l c u l a t i o n .   T h u s  

g e n e r a t e d   p a t t e r n s ,   r e s t r i c t i o n   c o n d i t i o n s ,   and  r u l e s   f o r  

i n t e r p r e t i n g   m e a n i n g s   of  t h e   s c e n e s   a r e   r e g i s t e r e d   i n t o   t h e  

memory   c i r c u i t   35.  The  m o d e l   i n d e n t i f i e r   c i r c u i t   36  

c o m p a r e s   w i t h   t he   r e g i s t e r e d   p a t t e r n s ,   i n t e r p r e t s   a n d  

i d e n t i f i e s   t h e   c u r r e n t   p i c t u r e   d a t a   on  t he   b a s i s   of  s a i d  

r e s t r i c t i o n   c o n d i t i o n s   and  s a i d   r u l e s   f o r   i n t e r p r e t i n g  

m e a n i n g s   of  t h e   s c e n e s   in  t h e   memory   c i r c u i t   3 5 .  

A c c o r d i n g   to  r e s p e c t i v e   p i c t u r e   m o n i t o r i n g   d e v i c e s ,  

d i f f e r e n t   c o n t e n t s   a r e   r e g i s t e r e d   in   t h e   memory   c i r c u i t   3 5 .  

For   i n s t a n c e ,   t he   p a t t e r n   d a t a   D31  to  D3n  of  c h a n g e d  

o b j e c t s   s u c h   as  h u m a n s ,   f l a m e s   or   smoke  in  a  f i r e ,   a n d  

a n i m a l s   a r e   g e n e r a t e d   in   a d v a n c e   by  t he   p a t t e r n   g e n e r a t o r  

c i r c u i t   33  and  t h e   l i n e   d r a w i n g   d i s p l a y   c i r c u i t   66,  a n d  

r e g i s t e r e d   i n t o   t he   memory   c i r c u i t   35  by  t he   p a t t e r n  

s e t t i n g   c i r c u i t   34.  The  p a t t e r n   d a t a   D31  to  D3n  i n c l u d e  

r e s p e c t i v e l y   j u d g m e n t   s t a n d a r d s   s u c h   as  s h a p e s ,   s i z e s ,  

l o c a t i o n s ,   m o v i n g   d i r e c t i o n s   of  t h e   r e s p e c t i v e   c h a n g e d  

o b j e c t s   as  r u l e s   or   r e s t r i c t i o n   c o n d i t i o n s ,   and  on  t h e s e  

j u d g m e n t   s t a n d a r d s ,   t h e   m o d e l   i d e n t i f i e r   c i r c u i t   36  a n d  

m o t i o n   j u d g m e n t   c i r c u i t   37  j u d g e   w h e t h e r   t h e   c o n d i t i o n s   a r e  

a b n o r m a l   o r   n o r m a l .  

The  p a t t e r n s   a r e   c l a s s e d   as  to  t h e   e l e m e n t s   s u c h   a s  

s h a p e s ,   s i z e s ,   l o c a t i o n s ,   and  m o v i n g   d i r e c t i o n s   s u c h   t h a t  

t h e   c h a n g e d   o b j e c t   in   t h e   m o n i t o r e d   p i c t u r e   or   c h a n g e s  

t h e r e o f   can   be  j u d g e d   as  to  w h i c h   c a t e g o r y   t h e y   b e l o n g   t o .  

For   i n s t a n c e ,   in  t h e   c a s e   t h a t   a  human  i n t r u d e s   i n t o   a  

m o n i t o r e d   r e g i o n ,   t h e   p a t t e r n s   a r e   c l a s s e d   i n t o   c a t e g o r i e s  

as  to   w h e r e f r o m   t h e   i n t r u d e r   comes   and  c l a s s e d   i n t o   o t h e r  

c a t e g o r i e s   as  to   w h i c h   k i n d   of  p e r s o n   comes  i n .   T h e  

p a t t e r n s   a r e   t h u s   d i v i d e d l y   r e g i s t e r e d   in  a c c o r d a n c e   w i t h  



t r a n s i t i o n s   of  a b n o r m a l   c o n d i t i o n s   at   t h e   t i m e   o f  

i n t r u s i o n ,   w h i c h   a l l o w s   j u d g m e n t   b a s e d   on  i n t r u s i o n   t r a c k s .  

The  p a t t e r n   v e r i f i c a t i o n   c i r c u i t   30  a l s o   r e a d s   t he   l i n e  

d r a w i n g   d a t a   c l i p p e d   a t   t h e   s e c o n d a r y   c h a n g e   d e t e c t i o n ,  

g e n e r a t e s   t he   p a t t e r n   d a t a   a f t e r   s t r u c t u r e   a n a l y s i s ,  

c o m p a r e s   t he   p a t t e r n   d a t a   D3b  of  t he   p r e v i o u s   p i c t u r e   w i t h  

the   p a t t e r n   d a t a   D3a  of  t h e   c u r r e n t   p i c t u r e ,   i f   n e c e s s a r y ,  
in  t h e   m o d e l   i d e n t i f i e r   c i r c u i t   36,  v e r i f i e s   t h e   c h a n g e d  

o b j e c t   by  c o m p a r i n g   t he   r e g i s t e r e d   p a t t e r n   d a t a   D3i  and  t h e  

p a t t e r n   d a t a   D3a  of  t he   c u r r e n t   p i c t u r e   g e n e r a l l y ,   a n d  

j u d g e s   t h e   s h a p e s ,   t h e   s i z e s ,   t he   l o c a t i o n s ,   and  t he   m o v i n g  

d i r e c t i o n s   of  the   c h a n g e d   o b j e c t s   as  to  t h e   r e s p e c t i v e  

r e g i s t e r e d   p a t t e r n   d a t a   D3i  by  t he   m o t i o n   j u d g m e n t   c i r c u i t  

37,  w h e r e b y   the   m o t i o n   of  t h e   c h a n g e d   o b j e c t s   can  b e  

d e t e c t e d   and  t r a c k e d .  

A  m e n a c i n g   p r o c e s s o r   c i r c u i t   50  j u d g e s   an  a l a r m   l e v e l   i n  

a c c o r d a n c e   w i t h   r e g i o n s   w h e r e   m o t i o n   of  o b j e c t s   or   a b n o r m a l  

c h a n g e s   t a k e   p l a c e ,   and  i s s u e s   an  a l a r m   in  a c c o r d a n c e   w i t h  

t he   j u d g e d   l e v e l .   V i g i l a n c e   l e v e l   j u d g m e n t   d a t a   LD  a r e  

m e m o r i z e d   in  a d v a n c e   as  to  r e s p e c t i v e   v i g i l a n c e   r e g i o n s .  

When  m o t i o n   of  o b j e c t s   or   a b n o r m a l   c h a n g e s   t a k e   p l a c e   in  a  

c e r t a i n   v i g i l a n c e   r e g i o n ,   a  v i g i l a n c e   l e v e l   j u d g m e n t  

c i r c u i t   51  c o m p a r e s   s a i d   c h a n g e d   r e g i o n   w i t h   t h e   d a t a   LD. 

When  s a i d   c h a n g e d   r e g i o n   c o r r e s p o n d s   to  t h e   v i g i l a n c e  

r e g i o n   of  a  p r e d e t e r m i n e d   v i g i l a n c e   l e v e l ,   m e n a c i n g   m e a n s  

52  o p e r a t e s .   The  m e n a c i n g   means   52  c o m p r i s e s   a  s i r e n ,   a  

b e l l ,   or   a  s p e a k e r ,   e t c .   A f t e r   the   m e n a c i n g ,   a l a r m   l e v e l s  

a r e   s e l e c t e d   and  a l a r m   d a t a   c o r r e s p o n d i n g   t h e r e t o   a r e  

g e n e r a t e d .   For  i n s t a n c e ,   when  the   c h a n g e d   o b j e c t   i s  

e x t i n g u i s h e d   by  t h e   m e n a c i n g ,   a  l o w e s t   a l a r m   l e v e l   i s  

s e l e c t e d .   When  no  c h a n g e   o c c u r s   as  to  t h e   l o c a t i o n   of  t h e  

c h a n g e d   r e g i o n ,   an  i n t e r m e d i a t e   a l a r m   l e v e l   i s   s e l e c t e d .  

When  t he   c h a n g e d   o b j e c t   moves   i n t o   a  r e g i o n   of   a  h i g h e r  

v i g i l a n c e   l e v e l ,   a  h i g h e s t   a l a r m   l e v e l   i s   s e l e c t e d .  

N e e d l e s s   to  s a y ,   t h e r e   is   some  e x p e c t e d   e f f e c t   t h a t   a  f i r s t  

m e n a c i n g   may  r e p e l   an  i n t r u d e r .  



An  a l a r m   d a t a   g e n e r a t o r   c i r c u i t   53  g e n e r a t e s   a l a r m   d a t a  

in  a c c o r d a n c e   w i t h   i n f o r m a t i o n   f rom  t h e   v i g i l a n c e   l e v e l  

j u d g m e n t   c i r c u i t   51.  The  a l a r m   d a t a   a r e   t r a n s m i t t e d  

t h r o u g h   t h e   MODEM  43,  t he   NCU  44,  and  t h e   t e l e p h o n e   l i n e   L ,  

t o g e t h e r   w i t h   t h e   p i c t u r e   d a t a   and  t h e   l i n e   d r a w i n g   d a t a .  

An  a l a r m   d i s p l a y   c i r c u i t   54  d i s p l a y s   t h e   p r e s e n t   a l a r m  

l e v e l   in  a c c o r d a n c e   w i t h   s a i d   a l a r m   d a t a   by  l i g h t   e m i t t i n g  

d i s p l a y   m e a n s ,   and  c o n t r o l s   a  m e s s a g e   d i s p l a y   c i r c u i t   67  i n  

a c c o r d a n c e   w i t h   s a i d   a l a r m   l e v e l .   The  m e s s a g e   d i s p l a y  

c i r c u i t   67  is   p r o v i d e d   f o r   i n d i c a t i n g   t h e   c o n t e n t s   of  t h e  

a l a r m   d a t a   w i t h   c h a r a c t e r s   on  a  s c r e e n   of  a  m o n i t o r   CRT  63  

t h a t   is   p r o v i d e d   in   a  c o n t r o l   b o a r d   6 0 .  

The  c o n t r o l   b o a r d   60  i n c l u d e s   a  v i d e o   RAM  61  f o r   d i s p l a y  

of   t he   l i n e   d r a w i n g   d a t a ,   t he   p i c t u r e   d a t a ,   and  t h e  

c h a r a c t e r   d a t a   f o r   m e s s a g e   d i s p l a y .   T h e s e   d a t a   on  t h e  

v i d e o   RAM  61  i s   d i s p l a y e d   on  t h e   s c r e e n   of  t h e   m o n i t o r   CRT 

63.   A n o t h e r   p u r p o s e   of  the   v i d e o   RAM  51  i s   to  s e t   t h e  

m o n i t o r e d   r e g i o n s ,   to  s e t   t he   v i g i l a n c e   r e g i o n s  

c o r r e s p o n d i n g   to  t h e   v i g i l a n c e   l e v e l s ,   to  d e t e r m i n e   t h e  

w e i g h t   or   t h e   i m p o r t a n c e   of  t h e   l i n e   d r a w i n g s ,   to  s e t  

p a t t e r n s   of  s a i d   a b n o r m a l   c o n d i t i o n s ,   to  g e n e r a t e   p a t t e r n  

d a t a   c o m p r i s i n g   m o d e l s   of  c h a n g e d   o b j e c t s   and  l i s t - f o r m e d  

m o d e l s   of  t h e   s c e n e s ,   and  to  d e t e r m i n e   r e s t r i c t i o n  

c o n d i t i o n s   and  r u l e s   f o r   i n t e r p r e t i n g   m e a n i n g s   of  t h e  

s c e n e s ,   by  means   of  t h e   l i g h t - p e n   64  or   a  s o - c a l l e d   m o u s e  

or   a  k e y b o a r d   w i t h   v i s u a l   a i d   of  t h e   p i c t u r e   d i s p l a y e d   o n  

t h e   s c r e e n   of  t h e   m o n i t o r   CRT  63.  T h e s e   d a t a   a r e   s e n t   t o  

t h e   p r i m a r y   d a t a   s e t t i n g   c i r c u i t   12,  t h e   s e c o n d a r y   d a t a  

s e t t i n g   c i r c u i t   23,  and  the   p a t t e r n   s e t t i n g   c i r c u i t   34,  a n d  

r e g i s t e r e d   in  t he   memory  c i r c u i t s   13,  24,  and  35  u n d e r   t h e  

c o n t r o l   of  t h e   c o n d i t i o n   s e t t i n g   c o n t r o l l e r   65.  The  l i n e  

d r a w i n g   d i s p l a y   c i r c u i t   66  i s ,   as  s u g g e s t e d   b e f o r e ,   a  

c i r c u i t   f o r   d i s p l a y i n g   l i n e   d r a w i n g s   on  t h e   s c r e e n   of  t h e  

m o n i t o r   CRT  56  a t   t he   t ime   of  s e t t i n g   s a i d   w e i g h t   o r  

i m p o r t a n c e   of  t h e   l i n e   d r a w i n g s   or   g e n e r a t i n g   m o d e l s   o f  

c h a n g e d   o b j e c t s ,   e t c .  



The  p i c t u r e   d a t a ,   t he   l i n e   d r a w i n g   d a t a ,   and  t he   a l a r m  

d a t a   t r a n s m i t t e d   t h r o u g h   the   t e l e p h o n e   l i n e   L  a r e   r e c e i v e d  

by  a  NCU  70  and  a  MODEM  71  u n d e r   t h e   c o n t r o l   of  a  r e c e i v e r  

c o n t r o l l e r   72  of  t h e   r e c e i v e r   as  i l l u s t r a t e d   in  F i g .   5.  I n  

the   r e c e i v e r ,   t h e s e   d a t a   a r e   d e c o d e d   by  a  d e c o d e r   c i r c u i t  

73.  A  m o n i t o r   CRT  86  d i s p l a y s   t h e   p i c t u r e   or   t he   l i n e  

d r a w i n g ,   and  a  s p e a k e r   75  i s s u e s   an  a l a r m   s o u n d .   An 

a l a r m i n g   c i r c u i t   74  i s   o p e r a t e d   in  a c c o r d a n c e   w i t h   d e c o d e d  

a l a r m   d a t a ,   and  g e n e r a t e s   an  a l a r m   s o u n d   c o m p r i s i n g   a  v o i c e  

s i g n a l   s y n t h e s i z e d   s y s t e m a t i c a l l y ,   w h i c h   i s   a n n o u n c e d   f r o m  

the   s p e a k e r   75.  When  the   a l a r m   d a t a   a r e   d e s c r i b e d  

c o r r e s p o n d e n t l y   to  t h e   c h a n g e d   o b j e c t s   or   t he   l i s t - f o r m e d  

m o d e l s   of  t h e   s c e n e s ,   i t   is   p o s s i b l e   to  a n n o u n c e   a b n o r m a l  

s i t u a t i o n s   by  v o c a l l y   e x p r e s s e d   s e n t e n c e s   and  to  e x p l a i n  

j u d g m e n t   p r o c e s s   e t c .   on  the   b a s i s   of  d a t a   or  r u l e s .   An 

a l a r m   c h a r a c t e r   d i s p l a y   c i r c u i t   80  i s   p r o v i d e d   f o r   m a k i n g  

c h a r a c t e r   d a t a   f o r   a l a r m   m e s s a g e   d i s p l a y   in  a c c o r d a n c e   w i t h  

a l a r m   d a t a ,   w h i c h   a r e   s u p e r i m p o s e d   as  m e s s a g e s   on  p i c t u r e  

s i g n a l s   or   l i n e   d r a w i n g   s i g n a l s   and  d i s p l a y e d   on  t h e   s c r e e n  

of  t he   m o n i t o r   CRT  8 6 .  

A  c h a n g e d   r e g i o n   s e t t i n g   c i r c u i t   76  i s   p r o v i d e d   f o r  

d e t e c t i n g   c h a n g e d   r e g i o n   g i v e n   by  t h e   c o o r d i n a t e   ( X l , Y 1 ) ,  

(X2 ,Y2)   f rom  p i c t u r e   d a t a   and  l i n e   d r a w i n g   d a t a   e t c .  

e x t r a c t e d   by  t h e   d e c o d e r   c i r c u i t   73.  A  d a t a   e x p a n d e r  

c i r c u i t   79  d e c o d e s   and  e x p a n d s   p i c t u r e   d a t a   and  l i n e  

d r a w i n g   d a t a   c o d e d   by  t h e   DPCM  s y s t e m   of  l i n e - t o - l i n e  

p r e d i c t i o n   r e s i d u a l s   or   t he   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g  

s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s .   The  d e c o d e d  

e x p a n d e d   d a t a   a r e   w r i t t e n   i n t o   a  f r a m e   memory  81.  T h e  

c o n t e n t s   of  t h e   f r a m e   memory  81  a r e   r e a d   ou t   by  an  a d d r e s s  

c o u n t e r   82,  s e n t   i n t o   a  D/A  c o n v e r t e r   85,  in  w h i c h   t h e   d a t a  

a r e   c o n v e r t e d   i n t o   a n a l o g   p i c t u r e   s i g n a l s .   S a i d   p i c t u r e  

s i g n a l s   a r e   m i x e d   w i t h   s y n c h r o n o u s   s i g n a l s   f rom  a  

s y n c h r o n o u s   s i g n a l   g e n e r a t o r   c i r c u i t   83  t o g e t h e r   w i t h   s a i d  

c h a r a c t e r   d a t a   in  a  s i g n a l   s y n t h e s i z e r   c i r c u i t   84,  a n d  

s y n t h e s i z e d   d a t a   a r e   d i s p l a y e d   on  t h e   m o n i t o r   CRT  8 6 .  



In  t he   p r e s e n t   e m b o d i m e n t ,   p i c t u r e   d a t a   of  a  c h a n g e d  

r e g i o n   or  c l i p p e d   l i n e   d r a w i n g   d a t a   a r e   t r a n s m i t t e d ,   b u t  

t h e r e   i s   a  c e r t a i n   l i m i t a t i o n   to  t r a n s m i s s i o n   r a t e   as  e v e n  

t h e   l i n e   d r a w i n g   d a t a   h a v e   some  a m o u n t   of  i n f o r m a t i o n .   To  

e l i m i n a t e   t h i s   d r a w b a c k ,   i t   i s   p r e f e r a b l e   to   r e g i s t e r  

s y m b o l i c   d a t a   c o r r e s p o n d i n g   to   t h e   r e g i s t e r e d   p a t t e r n   d a t a  

D31  to  D3n  in  t h e   memory  c i r c u i t   35  t o g e t h e r   w i t h   t h e  

r e g i s t e r e d   p a t t e r n   d a t a   D31  to  D3n,  and  to  t r a n s m i t   t h e  

s y m b o l i c   d a t a   c o r r e s p o n d i n g   to  t h e   r e g i s t e r e d   p a t t e r n   d a t a  

D3i  t h r o u g h   t h e   t e l e p h o n e   l i n e   L  by  way  of  t h e   m o t i o n  

j u d g m e n t   c i r c u i t   37,  t h e   MODEM  43,  and  t he   NCU  44  b e f o r e  

t r a n s m i s s i o n   of   p i c t u r e   d a t a   and  l i n e   d r a w i n g   d a t a   of  a  

c h a n g e d   r e g i o n   when  t h e   k i n d ,   t h e   l o c a t i o n ,   and  t h e   s i z e  

e t c .   of  a  c h a n g e d   p a t t e r n   a r e   s i m i l a r   to  one   of   t h e  

r e g i s t e r e d   p a t t e r n s   and  b o t h   b e l o n g   to  t h e   same  c a t e g o r y .  

In  t h e   r e c e i v e r ,   a  memory   c i r c u i t   78  i s   p r o v i d e d   as  s h o w n  

in  a  b r o k e n   l i n e   f r a m e   in  F i g .   5.  In  t h i s   memory   c i r c u i t  

78,  m o d e l   p a t t e r n   d a t a   a r e   r e g i s t e r e d   in  a d v a n c e   w h i c h   a r e  

t he   same  as  t h e   r e g i s t e r e d   p a t t e r n   d a t a   D31  to  D3n.  When  

s a i d   s y m b o l i c   d a t a   a r e   r e c e i v e d ,   c o r r e s p o n d i n g   m o d e l  

p a t t e r n   d a t a   a r e   r e a d   ou t   and  w r i t t e n   i n t o   t h e   f r a m e   m e m o r y  
81  by  way  of  a  m o d e l   p a t t e r n   d a t a   d i s p l a y   c i r c u i t   77,  a n d  

t h e   c o n t e n t s   of  t h e   f r a m e   memory   81  a r e   d i s p l a y e d   on  t h e  

s c r e e n   of  t he   m o n i t o r   CRT  86,  w h e r e b y   the   r e c e i v e r   can  b e  

r a p i d l y   i n f o r m e d   of  a  g e n e r a l   r e p o r t   by  t r a n s m i s s i o n   o f  

s y m b o l i c   d a t a   h a v i n g   s m a l l   a m o u n t   of  i n f o r m a t i o n .  

When  a  p a c k e t   m u l t i p l e x   s y s t e m   of  h i g h   r a t e   t r a n s m i s s i o n  

by  way  of  d i g i t a l   d a t a   e x c h a n g e   n e t w o r k s   (DDX)  is   e m p l o y e d  

f o r   t r a n s m i s s i o n   of  p i c t u r e   d a t a   or   v o i c e   d a t a ,   t h e  

r e c e i v e r   can  m o n i t o r   a  p l u r a l i t y   of  t r a n s m i t t e r s   a t   a  t i m e  

t h r o u g h   one  c i r c u i t .   H o w e v e r ,   t h e   MODEM  43  and  t he   NCU  44  

in  t h e   t r a n s m i t t e r   or   t h e   NCU  70  and  t he   MODEM  71  in  t h e  

r e c e i v e r   o n l y   h a v e   t r a n s m i s s i o n   r a t e   of  1200  b i t s   p e r  
s e c o n d   a t   maximum,   w h i c h   i s   by  f a r   l o w e r   t h a n   h i g h   r a t e  

t r a n s m i s s i o n   of  48  K  b i t s   p e r   s e c o n d   e m p l o y e d   in   p a c k e t  

s w i t c h i n g   n e t w o r k s .   T h e r e f o r e ,   i t   i s   p r e f e r a b l e   to  e m p l o y  



a  p a c k e t - t y p e   t e r m i n a l   d e v i c e   (PT)  and  a  d o m e s t i c   s t a t i o n  

d a t a   c i r c u i t   t e r m i n a t i n g   u n i t   (DSU)  f o r   t h e   MODEM  43,  t h e  

NCU  44  in  t h e   t r a n s m i t t e r   and  t h e   NCU  70,  t h e   MODEM  71  i n  

the   r e c e i v e r .   I t   i s   a l s o   p o s s i b l e   to  t r a n s m i t   v o i c e   d a t a  

by  means   of  t h e   p a c k e t   m u l t i p l e x   s y s t e m   a f t e r   r e a l - t i m e  

c o m p r e s s i o n   of  v o i c e   s i g n a l s   i n t o   t h e   r a t e   of  2  to   4  K  b i t s  

p e r   s e c o n d   by  t h e   u se   of  a  l i n e a r   p r e d i c t i o n   a n a l y s i s  

s y s t e m   or  a  LSP  ( L i n e a r   S p e c t r u m   P a i r )   s y s t e m .   As  f o r  

t r a n s m i s s i o n   of  p i c t u r e   d a t a ,   t h e   r a t e   of  1200  b i t s   p e r  
s e c o n d   may  be  e m p l o y e d   in  t h e   t r a n s m i t t e r ,   and  t h e   r a t e   o f  

9600  b i t s   p e r   s e c o n d   or   t h e   r a t e   of  48  K b i t s   p e r   s e c o n d   m a y  
be  e m p l o y e d   in  t h e   r e c e i v e r   o n l y .  

A  c o m p r e s s i o n   t r a n s m i s s i o n   s y s t e m   of  m o n i t o r e d   p i c t u r e s  

at   t h e   t i m e   of  c h a n g e   d e t e c t i o n   w i l l   be  r e l a t e d   in   t h e  

f o l l o w i n g ,   w h i c h   c o n c e r n s   t h e   c o n t e n t s   of  t h e   d a t a  

c o m p r e s s o r   c i r c u i t   20  in  F i g .   3  and  t h e   d a t a   e x p a n d e r  

c i r c u i t   68  in  F i g .   5 .  

F i g s .   10A  and  10B  i l l u s t r a t e   b l o c k   d i a g r a m s   of  v a r i a b l e  

s a m p l i n g   r a t e   e n c o d i n g   and  d e c o d i n g   c i r c u i t s   r e s p e c t i v e l y ,  

and  F i g s .   11A  and  11B  i l l u s t r a t e   m o d i f i e d   c i r c u i t s   of  s a i d  

e n c o d i n g   and  d e c o d i n g   c i r c u i t s   in  F i g s .   10A  and  10B.  F i g s .  

12A  and  12B  i l l u s t r a t e   a  p a r t i c u l a r   c a s e   of  t h e   c i r c u i t s   i n  

F i g s .   11A  and  11B,  in  w h i c h   DPCM  e n c o d i n g   and  d e c o d i n g   o f  

l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s   a r e   c a r r i e d   o u t .  

By  u t i l i z i n g   e i t h e r   p a i r   of  t h e s e   e n c o d i n g   and  d e c o d i n g  

c i r c u i t s ,   a  w h o l e   of  or   a  r e c t a n g u l a r   r e g i o n   of  p i c t u r e  

i n f o r m a t i o n   c o n c e r n i n g   a  m o n i t o r e d   p i c t u r e   or   a  c u r r e n t  

p i c t u r e   a t   t h e   t i m e   of  c h a n g e   d e t e c t i o n   can   be  t r a n s m i t t e d  

by  e i t h e r   of  t h e   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m   o f  

l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s   or   t he   DPCM  c o d i n g   s y s t e m  

of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s ,   w h e r e b y   t he   w h o l e   o f  

or  t h e   r e c t a n g u l a r   r e g i o n   of  p i c t u r e   i n f o r m a t i o n   i s  

c o m p r e s s e d   i n t o   2  to  3  b i t s   p e r   p i c t u r e   e l e m e n t ,   and  i s  

t r a n s m i t t e d   w i t h   n e a r l y   t he   same  p i c t u r e   q u a l i t y   as  t h a t   o f  

an  o r i g i n a l   p i c t u r e ,   w h i c h   i s   as  f i n e   as  p i c t u r e   q u a l i t y   i n  

the   c a s e   of  4  b i t s   p l a n e   p r e d i c t i o n .   T h e r e f o r e ,   i t   i s  



p o s s i b l e   to  a s c e r t a i n   a b n o r m a l   s i t u a t i o n s   q u i c k l y   w i t h   t h e  

a i d   of  p i c t u r e   i n f o r m a t i o n .  

As  f o r   t he   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m ,  

d e t a i l e d   e x p l a n a t i o n   has   b e e n   g i v e n   by  T.  Kawada  and  K. 

Oumura   in  a  p a p e r   t i t l e d   "A  v a r i a b l e   s a m p l i n g   r a t e   c o d i n g  

t e c h n i q u e "   p u b l i s h e d   in  E l e c t r o n i c s   and  C o m m u n i c a t i o n  

S o c i e t y   p a p e r s   in  J a p a n   of   7 5 / 2   V o l .   58-A  No .2   a t   p.  97  t o  

104 .   A c c o r d i n g   to  t h e   p a p e r ,   a  c e r t a i n   r e l a t i o n s h i p   c a l l e d  

a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   as  shown  in  TABLE  I  b e t w e e n  

q u a n t i z a t i o n   v a l u e s   and  s a m p l i n g   i n t e r v a l s   i s   e m p l o y e d   f o r  

c o m p r e s s i o n   and  e x p a n s i o n   w i t h i n   a  s c a n n i n g   l i n e .   I n  

t r a n s m i s s i o n ,   o n l y   t h e   q u a n t i z a t i o n   v a l u e s   o r   t h e  

q u a n t i z a t i o n   l e v e l s   a r e   t r a n s m i t t e d   in  5  b i t s   c o d e s   f o r  

p o s i t i v e   and  n e g a t i v e   v a l u e s   r e s p e c t i v e l y ,   and  t he   s a m p l i n g  

i n t e r v a l s   or   t h e   d i f f e r e n t i a l   t i m e   v a l u e s   b e t w e e n  

r e s p e c t i v e   s a m p l i n g   t i m i n g   a r e   no t   t r a n s m i t t e d ,   w h e r e b y   a  

c o n v e n t i o n a l   d r a w b a c k   of  c o d e   amoun t   i n c r e a s e   in  c h a n g e f u l  

p o r t i o n s   of   a  p i c t u r e   can   be  e l i m i n a t e d   and  t r a n s m i s s i o n  

b a n d   can  be  c o m p r e s s e d   by  r e d u c i n g   s a m p l i n g   r a t e   i n  

c h a n g e l e s s   p o r t i o n s .   In  t h i s   s y s t e m ,   t r a n s m i t t e d   p i c t u r e  

q u a l i t y   b e c o m e s   as  f i n e   as  t h a t   of  a  4  b i t s   DPCM  s y s t e m   a t  

2 . 8   b i t s   p e r   p i c t u r e   e l e m e n t .  

F i g s .   14A  and  14B  a r e   e x p l a n a t o r y   b l o c k   d i a g r a m s   to  h e l p  

e x p l a i n   s a i d   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m .   F i g .  

14A  i l l u s t r a t e s   a  t r a n s m i t t e r   c i r c u i t ,   w h e r e i n   a  p i c t u r e  

s i g n a l   or  a  s a m p l e   i s   c o m p a r e d   in   a  d i f f e r e n t i a l   c i r c u i t  

101  w i t h   a  p r e d i c t e d   s i g n a l   f r o m   a  l o c a l   p r e d i c t i o n   d e c o d e r  

c i r c u i t   103 .   A  d i f f e r e n t i a l   s i g n a l   or  a  p r e d i c t i o n  

r e s i d u a l   s i g n a l   o b t a i n e d   a t   t h e   d i f f e r e n t i a l   c i r c u i t   101  i s  

e n c o d e d   i n t o   a  v a r i a b l e   s a m p l i n g   r a t e   code   by  t he   v a r i a b l e  

s a m p l i n g   r a t e   e n c o d e r   c i r c u i t   102  h a v i n g   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   as  shown  in  F i g .   20.  The  v a r i a b l e   s a m p l i n g  

r a t e   c o d e   t h u s   o b t a i n e d   i s   m e m o r i z e d   in   a  b u f f e r   memory  1 0 4  

and   t r a n s m i t t e d   as  a  c o m p r e s s e d   c o d e .   The  l o c a l   p r e d i c t i o n  

d e c o d e r   c i r c u i t   103  d e c o d e s   s a i d   code   and  g e n e r a t e s   t h e  

p r e d i c t e d   s i g n a l   g i v e n   to  t h e   d i f f e r e n t i a l   c i r c u i t   1 0 1 .  



In  a  r e c e i v e r   c i r c u i t   as  shown  in  F i g .   14B,  t h e  

c o m p r e s s e d   code   is   m e m o r i z e d   in  a  b u f f e r   memory  201 .   An 

a m p l i t u d e   d e c o d e r   c i r c u i t   202  and  a  s a m p l i n g   p o s i t i o n  

d e c o d e r   c i r c u i t   203  c o o p e r a t e   t o g e t h e r   f o r   r e s t o r i n g   a n  

a m p l i t u d e   and  a  s a m p l i n g   p o s i t i o n   of  an  o r i g i n a l   s a m p l e   i n  

a c c o r d a n c e   w i t h   t h e   q u a n t i z a t i o n   c h a r a c t e r i s t i c   as  shown  i n  

F i g .   20.  A  d e c o d e d   s a m p l e   i s   o b t a i n e d   in  a  s a m p l e   p o i n t  

r e s t o r i n g   c i r c u i t   204  and  i n t e r p o l a t e d   in  an  i n t e r p o l a t o r  

c i r c u i t   205  to  o b t a i n   a  r e s t o r e d   s a m p l e .  

In  t h i s   s y s t e m ,   a  c o m p r e s s i o n   r a t e   a t   a  s e c t i o n   Cb  i s  

g r e a t e r   t h a n   t h a t   a t   a  s e c t i o n   Ca,  t h o u g h   e d g e   b u s i n e s s  

w h i c h   means   e r r o r s   in  r e s t o r e d   s a m p l i n g   p o i n t s   s o m e t i m e s  

o c c u r s   a t   t h e   s e c t i o n   C b .  

The  p r e s e n t   i n v e n t o r s   have   d e v e l o p e d   t he   v a r i a b l e  

s a m p l i n g   r a t e   c o d i n g   s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n  

r e s i d u a l s   as  shown  in  F i g s .   10A  and  10B  by  a p p l i n g   s a i d  

c o d i n g   s y s t e m   in  t h e   p a p e r   to  t he   c o d i n g   of  d i f f e r e n c e s  

b e t w e e n   a  p r e s e n t   s c a n n i n g   l i n e   and  a  p r e v i o u s   s c a n n i n g  

l i n e .   S a i d   s y s t e m   in  F i g s .   10A  and  10B  has   b e e n   m o d i f i e d  

i n t o   a  more   p r e f e r a b l e   s y s t e m   as  shown  in  F i g .   11A  and  1 1 B ,  

and  e x p l a n a t i o n s   w i l l   be  g i v e n   as  to   t he   l a t t e r   s y s t e m  

h e r e i n b e l o w .   In  ou r   s y s t e m ,   4  b i t s   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   c o d e s   a r e   e m p l o y e d   w h i c h   h a v e   a  q u a n t i z a t i o n  

c h a r a c t e r i s t i c   as  shown  in  TABLE  I I   and  c o m p r i s e s   p o s i t i v e  

and  n e g a t i v e   s i g n s ,   and  p i c t u r e   q u a l i t y   t r a n s m i t t e d   a t   3 

b i t s   p e r   p i c t u r e   e l e m e n t   b e c o m e s   n e a r l y   t h e   same  as  t h a t   o f  

an  o r i g i n a l   p i c t u r e ,   w h i c h   i s   b e t t e r   t h a n   t h e   c a s e   of  4 

b i t s   p l a n e   p r e d i c t i o n .  

In  t he   c i r c u i t   i l l u s t r a t e d   in  F i g .   11A,  a  d i f f e r e n t i a l  

c i r c u i t   131  c a l c u l a t e s   r e s i d u a l s   b e t w e e n   a  l i n e - t o - l i n e  

p r e d i c t e d   p i c t u r e   s i g n a l   and  a  s a m p l e d   p i c t u r e   s i g n a l ,  

w h i c h   a r e   s c a l e d   up,   i f   n e c e s s a r y ,   by  a  m u l t i p l i e r   1 4 0  

h a v i n g   a  m u l t i p l i c a t i o n   c o e f f i c i e n t   M1.  A  v a r i a b l e  

s a m p l i n g   r a t e   c o m p r e s s o r   c i r c u i t   110  c o m p r e s s e s   r e s i d u a l s  

of  t he   s e c o n d a r y   p r e d i c t i o n   i n t o   t h e   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   c o d e   a l o n g   a  l i n e   d i r e c t i o n   v e r t i c a l   to  s a i d  



l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s .  

A  z e r o   code   c o m p r e s s o r   c i r c u i t   150  c o m p r e s s e s   s a i d  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   code   i n t o   a  z e r o   c o m p r e s s e d  

code   in  a c c o r d a n c e   w i t h   a  z e r o   c o d e   /  z e r o   l i n e   c o m p r e s s i o n  

c h a r a c t e r i s t i c   as  shown  in  TABLE  I I I .   The  z e r o   c o m p r e s s e d  

code   c o m p r i s e s   t r a n s m i s s i o n   c o d e s   (F1  to  FE)  s h o w i n g   t h e  

n u m b e r   of  z e r o   c o d e s   or   t h e   n u m b e r   of  l i n e s   h a v i n g   z e r o  

c o d e s   o n l y ,   and  8  b i t s   t r a n s m i s s i o n   c o d e s   (0  to  EF)  w h i c h  

r e s p e c t i v e l y   i n c l u d e   a  p a i r   of  4  b i t s   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   c o d e s   or   c h a n g e d   c o d e s   o t h e r   t h a n   z e r o  

c o d e s .   S a i d   z e r o   code   means   s u c h   code   as  t he   r e s i d u a l s   o f  

s e c o n d a r y   p r e d i c t i o n   of  t h e   q u a n t i z a t i o n   c h a r a c t e r i s t i c  

code   i s   z e r o .   In  o r d e r   to   t r a n s m i t   c h a n g e d   r e g i o n s   o n l y ,  

i t   i s   s o m e t i m e s   t h e   c a s e   t h a t   a  t r a n s m i s s i o n   c o d e   (FD)  o f  

t he   z e r o   c o m p r e s s e d   code   i s   u t i l i z e d   to   show  t h a t   a  s e t   o f  

t h e   f o l l o w i n g   8  b i t s   d a t a   means   an  i n i t i a l   v a l u e   o f  

p r e d i c t i o n   of  a  c h a n g e d   r e g i o n ,   and  a  t r a n s m i s s i o n   c o d e  

(FE)  i s   u t i l i z e d   to  show  t e r m i n a t i o n   of  t he   c h a n g e d   r e g i o n .  

In  t h e   t r a n s m i t t e r   as  shown  in  F i g .   11A,  s a i d  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   code   i s   e x p a n d e d   in  a  v a r i a b l e  

s a m p l i n g   r a t e   e x p a n d e r   c i r c u i t   120 ,   m i x e d   in  a n  

i n t e r p o l a t i o n   s y n t h e s i s   c i r c u i t   132  w i t h   a  m e m o r i z e d   v a l u e  

in  a  l i n e   b u f f e r   133,   and  r e g i s t e r e d   i n t o   a  p r e d i c t i o n  

c i r c u i t   130  f o r   p r e d i c t i o n   of  a  n e x t   l i n e .   The  l i n e   b u f f e r  

133  is   i n s e r t e d   in   a  f e e d b a c k   l o o p   f rom  t he   o u t p u t   of  t h e  

p r e d i c t o r   c i r c u i t   130 .   A  p r e d i c t i o n   c o e f f i c i e n t   of  t h e  

p r e d i c t o r   c i r c u i t   130  may  be  s e t   a t   o n e .   The  i n t e r p o l a t i o n  

s y n t h e s i s   c i r c u i t   132  is   p r o v i d e d   f o r   r e s t o r i n g   s a m p l i n g  

d a t a   w h i c h   a r e   t h i n n e d   o u t   a t   a  c e r t a i n   i n t e r v a l s   b a c k   t o  

o r i g i n a l   s a m p l i n g   d a t a .   For   i n s t a n c e ,   t he   c i r c u i t   1 3 2  

r e s t o r e s   a  p i c t u r e   h a v i n g   64  m u l t i p l i e d   by  64  p i c t u r e  

e l e m e n t s   to   an  o r i g i n a l   p i c t u r e   h a v i n g   256  m u l t i p l i e d   b y  

256  p i c t u r e   e l e m e n t s ,   when  p i c t u r e   e l e m e n t s   a r e   t h i n n e d   o u t  

s u c h   t h a t   one  p i c t u r e   e l e m e n t   i s   l e f t   in  f o u r   p i c t u r e  

e l e m e n t s   in   t h e   o r i g i n a l   p i c t u r e .   T h e r e f o r e ,   in   t h e  

p r e s e n t   e m b o d i m e n t ,   e v e n   i f   p i c t u r e   d a t a   of  t h e   c h a n g e d  



r e g i o n   t h a t   i s   c h a n g e d   as  c o m p a r e d   w i t h   a  b a c k g r o u n d  

p i c t u r e   h a v i n g   256  m u l t i p l i e d   by  256  p i c t u r e   e l e m e n t s   a r e  
t r a n s m i t t e d   w i t h   one  p i c t u r e   e l e m e n t   l e f t   in  f o u r   p i c t u r e  

e l e m e n t s ,   a  r o u g h   p i c t u r e   i s   r e s t o r e d   by  means   o f  

i n t e r p o l a t i o n   as  to  t he   c h a g e d   r e g i o n ,   w h i c h   i s   s y n t h e s i z e d  

w i t h   t he   b a c k g r o u n d   p i c t u r e   of  256  m u l t i p l i e d   by  2 5 6  

p i c t u r e   e l e m e n t s .  

In  t h e   r e c e i v e r   as  i l l u s t r a t e d   in   F i g .   11B,  a  z e r o   c o d e  

e x p a n d e r   c i r c u i t   250  e x p a n d s   s a i d   z e r o   c o m p r e s s e d   code   b a c k  

i n t o   t h e   q u a n t i z a t i o n   c h a r a c t e r i s t i c   c o d e ,   w h i c h   i s  

r e s t o r e d   to  t he   l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s   in  a  

v a r i a b l e   s a m p l i n g   r a t e   e x p a n d e r   c i r c u i t   220 .   S a i d   l i n e - t o -  

l i n e   p r e d i c t i o n   r e s i d u a l s   a r e   r e s t o r e d   i n t o   a  p i c t u r e   o f  

one  l i n e   s i z e   by  u t i l i z i n g   a  l o o p   c o m p r i s i n g   a  p r e d i c t o r  

c i r c u i t   230  and  a  l i n e   b u f f e r   2 3 3 .   The  r e s t o r e d   p i c t u r e  

may  be  s c a l e d   down,   i f   n e c e s s a r y ,   by  a  d i v i d e r   c i r c u i t   2 4 0  

h a v i n g   d i v i d i n g   c o e f f i c i e n t   M1.  

For  i n s t a n c e ,   when  e a c h   f r a m e   memory   has   t he   s i z e   of   6 

b i t s   p e r   p i c t u r e   e l e m e n t ,   i t   is   p r e f e r a b l e   to  s e t   t he   s c a l e  

f a c t o r   Ml  at   4.  At  t h i s   o c c u r r e n c e ,   s a m p l e d   d a t a   a r e  

s h i f t e d   up  by  2  b i t s   in  t he   m u l t i p l i e r   c i r c u i t   1 4 0 ,  

c a l c u l a t e d   as  d a t a   h a v i n g   t he   s i z e   of  8  b i t s   p e r   p i c t u r e  

e l e m e n t ,   and  s h i f t e d   down  by  2  b i t s   in  t he   d i v i d e r   c i r c u i t  

240 ,   w h e r e b y   c a l c u l a t i o n   a c c u r a c y   i s   i m p r o v e d   and  p i c t u r e  

q u a l i t y   b e c o m e s   b e t t e r   t h a n   t h a t   o b t a i n e d   by  c a l c u l a t i o n   o f  

d a t a   h a v i n g   t h e   o r i g i n a l   s i z e   of  6  b i t s   p e r   p i c t u r e  

e l e m e n t .  

I n s t e a d   of  s a i d   2  b i t s   s h i f t i n g   up  or   s h i f t i n g   down,   t h e  

f o l l o w i n g   h a r d w a r e   can  be  e m p l o y e d   f o r   r e a l i z i n g   t h e   s a m e  

e f f e c t .   For  i n s t a n c e   when  a  6  b i t s   A/D  c o n v e r t e r   and  a  6 

b i t s   D/A  c o n v e r t e r   a r e   e m p l o y e d ,   t h e   3rd  to  t he   8 th   b i t  

d a t a   l i n e s   among  the   1 s t   to  t he   8 t h   b i t   d a t a   l i n e s   of  a  

d a t a   bus  of  a  CPU  a r e   c o n n e c t e d   to  d a t a   l i n e s   of  a  6  b i t s  

f r a m e   memory ,   or   t h e   u p p e r   6  b i t s   d a t a   l i n e s   of  a  8  b i t s  

f r a m e   memory  a r e   c o n n e c t e d   to  s a i d   6  b i t s   A/D  c o n v e r t e r   o r  

D/A  c o n v e r t e r ,   w h e r e b y   the   l o w e r   2  b i t s   d a t a   b e c o m e s   z e r o  



when  t h e   f r a m e   memory  i s   r e a d   or   w r i t t e n .  

When  a l l   t he   s a m p l i n g   i n t e r v a l s   of  s a i d   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   a r e   s e t   a t   1  in  s a i d   v a r i a b l e   s a m p l i n g   r a t e  

c o d i n g   s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s ,   t h e  

s y s t e m   b e c o m e s   e q u i v a l e n t   to  t h e   DPCM  s y s t e m   of  l i n e - t o -  

l i n e   p r e d i c t i o n   r e s i d u a l s   as  i l l u s t r a t e d   in  F i g s .   12A  a n d  

12B.  In  t h i s   s y s t e m ,   a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   a s  

shown  in  TABLE  IV  i s   e m p l o y e d ,   w h e r e b y   p i c t u r e   q u a l i t y   a t   3 

b i t s   p e r   p i c t u r e   e l e m e n t   b e c o m e s   n e a r l y   t he   same  as  t h a t   o f  

an  o r i g i n a l   p i c t u r e ,   w h i c h   is   b e t t e r   t h a n   t h e   c a s e   of  4 

b i t s   p l a n e   p r e d i c t i o n .   In  a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   a s  

shown  in  TABLE  I I ,   e r r o r s   in  a  g r a d a t i o n   d i r e c t i o n   a r e  

w i t h i n   p l u s / m i n u s   1  by  a m p l i t u d e   d i f f e r e n t i a l   v a l u e s .   When  

t h e r e   a r e   c o n t o u r s   or   e d g e s   a t   t h e   p o s i t i o n   w h e r e   t h e   t i m e  

d i f f e r e n t i a l   v a l u e   i s   2,  s l i g h t   e r r o r s   in  t h e   a m p l i t u d e   a r e  

c a u s e d   by  an  o v e r l o a d ,   t h o u g h   t h e y   h a r d l y   s t a n d   o u t .   In  a  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   as  shown  in  TABLE  IV,  a  t i m e  

d i f f e r e n t i a l   v a l u e   i s   s e t   at   1.  E r r o r s   in  a  g r a d a t i o n  

d i r e c t i o n   a r e   i n c r e a s e d   up  to  p l u s / m i n u s   4  by  a m p l i t u d e  

d i f f e r e n t i a l   v a l u e s ,   w h i c h   c a u s e   s l i g h t   n o i s e s ,   t h o u g h   i t  

i s   p r a c t i c a l   e n o u g h   when  u p p e r   6  b i t s   d a t a   among  8  b i t s  

d a t a   a r e   e m p l o y e d   as  v a l i d   d a t a .  

A  q u a n t i z a t i o n   c h a r a c t e r i s t i c   i l l u s t r a t e d   in  F i g .   18 

c o r r e s p o n d s   to  t h a t   of  TABLE  IV,  and  a  q u a n t i z a t i o n  

c h a r a c t e r i s t i c   i l l u s t r a t e d   in  F i g .   19  c o r r e s p o n d s   to  t h a t  

of  TABLE  V .  

In  t h e   DPCM  s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s  

or  in  t h e   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m   of  l i n e - t o -  

l i n e   p r e d i c t i o n   r e s i d u a l s ,   p r e d i c t i o n   r e s i d u a l s   a r e  

c o n c e n t r a t e d   upon  z e r o   and  q u a n t i z a t i o n   e r r o r s   i s   r e d u c e d  

as  c o m p a r e d   w i t h   a  p r i m a r y   p r e d i c t i o n   s y s t e m   or  a  p l a n e  

p r e d i c t i o n   s y s t e m .   I t   i s   b e c a u s e   l i n e - t o - l i n e   p r e d i c t i o n  

is   a  s e c o n d a r y   p r e d i c t i o n   s y s t e m   c o m p r i s i n g   p r e d i c t i o n  

w i t h i n   a  s c a n n i n g   l i n e   and  l i n e - t o - l i n e   p r e d i c t i o n   w h o s e  

p r e d i c t i o n   d i r e c t i o n s   a r e   p e r p e n d i c u l a r   to  one  a n o t h e r .   I n  

a d d i t i o n ,   p i c t u r e   q u a l i t y   is   i m p r o v e d   in  t h e   l i n e - t o - l i n e  



p r e d i c t i o n   s y s t e m   owing   to  l e s s   e d g e   b u s i n e s s   w h i c h   i s  

c h a r a c t e r i s t i c   of  a  v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m ,  

b e c a u s e   p r e d i c t i o n   e r r o r s   f rom  s a m p l e   d a t a   or   an  o r i g i n a l  

p i c t u r e   a r e   c a l c u l a t e d   as  to  r e s p e c t i v e   l i n e s   w h i c h   p r e v e n t  

e r r o r s   to  p r o p a g a t e   in  t he   l i n e - t o - l i n e   d i r e c t i o n .  

I t   i s   p r e f e r a b l e   to  o v e r l a p   r e g i o n s   of  t h e   q u a n t i z a t i o n  
v a l u e s   or  t h e   a m p l i t u d e   d i f f e r e n t i a l   v a l u e s   as  to  d i f f e r e n t  

s a m p l i n g   i n t e r v a l s   or  as  to  t h e   d i f f e r e n t   t i m e   d i f f e r e n t i a l  

v a l u e s ,   and  to  e m p l o y   a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   c o d e  

c o r r e s p o n d i n g   to  c o m b i n a t i o n   of  t he   q u a n t i z a t i o n   v a l u e s   a n d  

s a m p l i n g   i n t e r v a l s   f o r   c o m p r e s s i o n   c o d i n g ,   w h e r e b y   t h e  

q u a n t i z a t i o n   v a l u e s   can  t a k e   f u r t h e r   v a r i o u s   v a l u e s   w h e n  

t h e   t i m e   d i f f e r e n t i a l   v a l u e s   a r e   l a r g e ,   w h i c h   m a k e s  

f o l l o w i n g   a b i l i t y   as  to  c o n t o u r s   and  e d g e s   b e t t e r   a n d  

r e d u c e s   e d g e   b u s i n e s s .  

I t   i s   a l s o   p r e f e r a b l e   to  m u l t i p l y ,   by  a  p r e d e t e r m i n e d  

v a l u e   c o m p r i s i n g   one ,   a  minimum  q u a n t u m   v a l u e   of  s a m p l e d  

d i g i t a l   d a t a   in  an  i n p u t   p o r t i o n   of  a  p r e d i c t o r   c i r c u i t   i n  

o r d e r   to  i m p r o v e   c a l c u l a t i o n   a c c u r a c y .   For   i n s t a n c e ,   w h e n  

s a i d   d i g i t a l   d a t a   have   d a t a   s i z e   of  6  b i t s ,   s a i d  

p r e d e t e r m i n e d   v a l u e   may  be  s e t   a t   4,  as  s u g g e s t e d   b e f o r e .  

By  means   of  s a i d   m u l t i p l i c a t i o n ,   a  min imum  q u a n t u m   v a l u e   o f  

c o m p r e s s i o n   q u a n t i z a t i o n   v a l u e ,   w h i c h   d e t e r m i n e s   a  

p e r m i s s i b l e   v a l u e   of  p r e d i c t i o n   r e s i d u a l s ,   can  be  s e t   a t   a  

v a l u e   t h a t   i s   no t   g r e a t e r   t h a n   a  v a l u e   of  an  o r i g i n a l  

p e r m i s s i b l e   a m p l i t u d e   e r r o r   of  s a i d   s a m p l i n g   d i g i t a l   v a l u e  

m u l t i p l i e d   by  a  p r e d e t e r m i n e d   v a l u e   and  t h a t   i s   g r e a t e r  

t h a n   an  o r i g i n a l   min imum  q u a n t u m   v a l u e   of  s a i d   s a m p l e d  

d i g i t a l   v a l u e ,   w h e r e b y   p i c t u r e   q u a l i t y   can  be  i m p r o v e d   e v e n  

at   h i g h   c o m p r e s s i o n   r a t e .   For  i n s t a n c e ,   when  s a i d   m i n i m u m  

q u a n t u m   of  q u a n t i z a t i o n   v a l u e   f o r   c o m p r e s s i o n   q u a n t i z a t i o n  

has   a  r a n g e   of  p l u s / m i n u s   4  and  s a i d   o r i g i n a l   p e r m i s s i b l e  

a m p l i t u d e   e r r o r   has   a  r a n g e   of  p l u s / m i n u s   2,  s a i d  

p r e d e t e r m i n e d   v a l u e   f o r   m u l t i p l i c a t i o n   of  t h e   l a t t e r   i s   s e t  

at   4 .  

F i g s .   13A  and  13B  i l l u s t r a t e   s c h e m a t i c   d i a g r a m s   o f  



c i r c u i t s   c o r r e s p o n d i n g   to  ma in   p o r t i o n s   of  t h e   c i r c u i t s  

i l l u s t r a t e d   in  F i g s .   11A  and  11B  r e s p e c t i v e l y ,   w h e r e i n  

c o r r e s p o n d i n g   p a r t s   a r e   shown  by  t he   same  r e f e r e n c e  

n u m b e r s .   As  shown  in  F i g .   13A,  t h e   v a r i a b l e   s a m p l i n g   r a t e  

e n c o d e r   c i r c u i t   112  c o m p r i s e s   a  q u a n t i z a t i o n   c i r c u i t   1 1 3  

and  a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e   114 .   The  v a r i a b l e  

s a m p l i n g   r a t e   d e c o d e r   c i r c u i t   121  c o m p r i s e s   an  i n t e r p o l a t o r  

c i r c u i t   123  f o r   i n t e r p o l a t i o n   and  r e s t o r a t i o n   of  p r e d i c t i o n  

r e s i d u a l   s i g n a l s   in  a c c o r d a n c e   w i t h   t i m e   d i f f e r e n t i a l  

v a l u e s   and  a m p l i t u d e   d i f f e r e n t i a l   v a l u e s   f rom  t h e  

q u a n t i z a t i o n   c i r c u i t   113.   A  t i m i n g   c i r c u i t   124  i s   p r o v i d e d  

f o r   d e t e r m i n i n g   t i m i n g   of  w r i t i n g   and  r e a d i n g   of  l i n e  

b u f f e r s   111  and  122.   Q u a n t i z a t i o n   c h a r a c t e r i s t i c s   a r e  

m e m o r i z e d   in   t he   q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e   1 1 4 .  

As  shown  in  F i g .   13B,  t h e   v a r i a b l e   s a m p l i n g   r a t e   d e c o d e r  

c i r c u i t   221  c o m p r i s e s   a  c o d e   c o n v e r t e r   c i r c u i t   223 ,   a  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e   224,   and  an  i n t e r p o l a t o r  

c i r c u i t   225 .   The  c o d e   c o n v e r t e r   c i r c u i t   223  c o n v e r t s   i n p u t  

c o d e s   i n t o   t i m e   d i f f e r e n t i a l   v a l u e s   and  a m p l i t u d e  

d i f f e r e n t i a l   v a l u e s   in  a c c o r d a n c e   w i t h   t he   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   t a b l e   224 .   The  i n t e r p o l a t o r   c i r c u i t   2 2 5  

r e s t o r e s   p r e d i c t i o n   r e s i d u a l   s i g n a l s   by  i n t e r p o l a t i o n .   T h e  

r e s t o r e d   s i g n a l s   a r e   s e n t   to   s a i d   d e c o d i n g   l o o p   c o m p r i s i n g  

p r e d i c t o r   c i r c u i t   230  and  t h e   l i n e   b u f f e r   233  v i a   t he   l i n e  

b u f f e r   222 .   A  t i m i n g   c i r c u i t   226  i s   p r o v i d e d   f o r  

d e t e r m i n i n g   t i m i n g   of  w r i t i n g   and  r e a d i n g   of  t h e   l i n e  

b u f f e r   2 2 2 .  

As  f o r   t h e   c o n t e n t s   of  t h e   q u a n t i z a t i o n   c h a r a c t e r i s t i c  

t a b l e s   114  and  224,   q u a n t i z a t i o n   c h a r a c t e r i s t i c s   a s  
i l l u s t r a t e d   in  F i g s .   15  to  17  may  be  e m p l o y e d   in  o r d e r   t o  

e n h a n c e   c o m p r e s s i o n   r a t e .   When  t he   a m p l i t u d e   d i f f e r e n t i a l  

v a l u e   i s   b e l o w   a  c o n s t a n t   v a l u e   Apn,  t he   q u a n t i z a t i o n  
c i r c u i t   113  r e a d s   a  s a m p l e   a t   t h e   p o s i t i o n   h a v i n g   a  t i m e  

d i f f e r e n t i a l   v a l u e   i n c r e a s e d   by  a  c o n s t a n t   i n t e r v a l   T p n + 1  

f rom  t h e   l i n e   b u f f e r   111.   In  F i g .   13A,  an  i n p u t   s i g n a l   i s  

a  p r e d i c t i o n   r e s i d u a l   s i g n a l   b e t w e e n   s a i d   s a m p l e   and  a  



p r e d i c t e d   v a l u e ,   w h i c h   is   p r e d i c t e d   f rom  a  r e s t o r e d   p i c t u r e  

e l e m e n t   p r e v i o u s   to  s a i d   s a m p l e   by  s i g m a   Tpn+1  or  an  n -  

t i m e s   r e p e a t e d   a d d i t i o n   of  t i m e   d i f f e r e n t i a l   v a l u e   T p n + 1 .  

When  s a i d   i n p u t   s i g n a l   is   c o n v e r t e d   i n t o   a  q u a n t i z a t i o n  

a m p l i t u d e   d i f f e r e n t i a l   v a l u e   in  t h e   q u a n t i z a t i o n   c i r c u i t  

113 ,   s a i d   i n p u t   s i g n a l   i s   c o d e d   i n t o   a  q u a n t i z a t i o n  

c h a r a c t e r i s t i c   c o d e   d e t e r m i n e d   by  c o m b i n a t i o n   of  t he   t i m e  

d i f f e r e n t i a l   v a l u e   and  the   a m p l i t u d e   d i f f e r e n t i a l   v a l u e  

s u c h   t h a t   e i t h e r   of  a  g r e a t e r   v a l u e   or   a  s m a l l e r   v a l u e   t h a n  

s a i d   c o n s t a n t   v a l u e   Apn  can  be  s e l e c t e d   as  to  a  

q u a n t i z a t i o n   a m p l i t u d e   d i f f e r e n t i a l   v a l u e ,   as  shown  i n  

TABLE  VI  and  TABLE  V I I .   I f   c o n v e n t i o n a l   a r t   is   e m p l o y e d   i n  

the   a b o v e   c a s e ,   a m p l i t u d e   v a l u e s   or   q u a n t i z a t i o n   l e v e l s  

i n c l u d e   o v e r l a p p e d   c o d e s .  

In  F i g .   16  c o r r e s p o n d i n g   to  TABLE  VI,   t he   c o n s t a n t   v a l u e  

Ap  is   e q u a l   to  8,  and  t h e   c o n s t a n t   v a l u e   Tp  is   e q u a l   to  1 ,  

and  the   t i m e   d i f f e r e n t i a l   v a l u e   can   t a k e   e i t h e r   of  1  or   2 .  

So,  t he   t i m e   d i f f e r e n t i a l   v a l u e   i s   s e t   a t   2  when  t h e  

a m p l i t u d e   d i f f e r e n t i a l   v a l u e   i s   s m a l l e r   t h a n   A p ( = 8 ) .   F o r  

i n s t a n c e ,   when  t h e   t i m e   d i f f e r e n t i a l   v a l u e   i s   2  and  t h e  

a m p l i t u d e   d i f f e r e n t i a l   v a l u e   i s   e q u a l   to  or  l a r g e r   t h a n   1 6 ,  

a  q u a n t i z a t i o n   c o d e   "A"  ( e x p r e s s e d   h e x a - d e c i m a l l y )   i s  

o b t a i n e d   as  c o d e d   o u t p u t .   And  when  t h e   a m p l i t u d e  

d i f f e r e n t i a l   v a l u e   i s   w i t h i n   4  to  7,  a  q u a n t i z a t i o n   c o d e  

"8"  is   o b t a i n e d   as  c o d e d   o u t p u t .   As  f o r   t he   a m p l i t u d e  

d i f f e r e n t i a l   v a l u e s   "16"  and  " 8 " ,   t h e   t i m e   d i f f e r e n t i a l  

v a l u e   can  t a k e   e i t h e r   of  1  or  2,  w h i c h   a r e   o v e r l a p p e d  

v a l u e s .   N e v e r t h e l e s s ,   t h e y   a r e   c o d e d   i n t o   d i f f e r e n t  

q u a n t i z a t i o n   c o d e s ,   w h i c h   i s   a  c h a r a c t e r i s i c   of  t h e  p r e s e n t  

e m b o d i m e n t .  

The  s i g n a l   b e l o w   t he   c o n s t a n t   v a l u e   Ap  a t   t he   t i m e  

d i f f e r e n t i a l   v a l u e   1  i s   l i k e l y   to  b e c o m e   a  s m a l l e r  

a m p l i t u d e   v a l u e   t h a n   t he   c o n s t a n t   v a l u e   Ap  at   t he   t i m e  

d i f f e r e n t i a l   v a l u e   2,  c o n s i d e r i n g   p r o b a b i l i t y .   H o w e v e r ,   a s  

to  u n e v e n   p o r t i o n s   made  by  s h a r p   e d g e s   or   human  f a c e s   e t c . ,  

s a i d   s i g n a l   i s   l i k e l y   to  become   l a r g e r   a m p l i t u d e  



d i f f e r e n t i a l   v a l u e   t h a n   t h e   c o n s t a n t   v a l u e   Ap.  T h e r e f o r e ,  

t he   a m p l i t u d e   d i f f e r e n t i a l   v a l u e   8  e q u a l   to  t h e   c o n s t a n t  

v a l u e   Ap  or   t he   a m p l i t u d e   d i f f e r e n t i a l   v a l u e   16  g r e a t e r  

t h a n   t h e   c o n s t a n t   v a l u e   Ap  a r e   p r o v i d e d   as  to  t h e   t i m e  

d i f f e r e n t i a l   v a l u e   2,  w h e r e b y   e r r o r s   in  t h e   g r a d a t i o n  

d i r e c t i o n   r a n g e   p l u s / m i n u s   4  by  a m p l i t u d e   d i f f e r e n t i a l  

v a l u e s   as  to  t he   t i m e   d i f f e r e n t i a l   v a l u e   2,  r e s u l t i n g   in  a  

h i g h e r   c o m p r e s s i o n   r a t e   of  2  b i t s   p e r   p i c t u r e   e l e m e n t   a n d  

p i c t u r e   q u a l i t y   e q u i v a l e n t   to  or   b e t t e r   t h a n   t h a t   o b t a i n e d  

at   3  b i t s   p e r   p i c t u r e   e l e m e n t   or   4  b i t s   p e r   p i c t u r e   e l e m e n t  

by  TABLE  IV  or   TABLE  V.  

In  a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   shown  in  F i g .   17 

c o r r e s p o n d i n g   to  TABLE  V I I ,   t h e   c o n s t a n t   v a l u e   Ap  is   e q u a l  

to  16,  and  t h e   c o n s t a n t   i n t e r v a l   Tp  i s   e q u a l   to  1,  and  t h e  

t i m e   d i f f e r e n t i a l   v a l u e   can   t a k e   e i t h e r   of  1  or   2.  So,  t h e  

t i m e   d i f f e r e n t i a l   v a l u e   i s   s e t   a t   2,  when  t h e   a m p l i t u d e  

d i f f e r e n t i a l   v a l u e   a t   t h e   t i m e   d i f f e r e n t i a l   v a l u e   1  b e c o m e s  

s m a l l e r   t h a n   Ap.  An  a m p l i t u d e   d i f f e r e n t i a l   v a l u e   16  w h i c h  

is   e q u a l   to  t h e   c o n s t a n t   v a l u e   Ap  and  an  a m p l i t u d e  

d i f f e r e n t i a l   v a l u e   32  w h i c h   i s   g r e a t e r   t h a n   t h e   c o n s t a n t  

v a l u e   Ap  a r e   p r o v i d e d   as  to  t he   t i m e   d i f f e r e n t i a l   v a l u e   2 ,  

w h e r e b y   e r r o r s   in  t h e   g r a d a t i o n   d i r e c t i o n   r a n g e   p l u s / m i n u s  
8  by  a m p l i t u d e   d i f f e r e n t i a l   v a l u e   as  to  t h e   t i m e  

d i f f e r e n t i a l   v a l u e   2,  r e s u l t i n g   in  a  h i g h e r   c o m p r e s s i o n  

r a t e   of  1 .5   b i t s   p e r   p i c t u r e   e l e m e n t   and  l e s s   d e t e r i o r a t i o n  

of  p i c t u r e   q u a l i t y   c a u s e d   by  e d g e   b u s i n e s s   e t c .   c o n c e r n i n g  
human  f e a t u r e s   e t c .  

S a i d   c o m p r e s s i o n   r a t e   means   c o d e   a m o u n t   c o n v e r t e d   i n t o   a  
b i t   n u m b e r   p e r   p i c t u r e   e l e m e n t   a f t e r   2  s t a g e s   o f  

c o m p r e s s i o n   p r o c e s s   c o m p r i s i n g   a  c o m p r e s s i o n   c o d i n g   by  s a i d  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   and  a  c o m p r e s s i o n   c o d i n g   b y  
s a i d   z e r o   code   /  z e r o   l i n e   c o m p r e s s o r   c i r c u i t   14.  As  f o r  

e v a l u a t i o n   of  p i c t u r e   q u a l i t y ,   an  o b s e r v e r   c o m p a r e d  

r e s t o r e d   p i c t u r e s   h a v i n g   d i f f e r e n t   q u a n t i z a t i o n  

c h a r a c t e r i s t i c s   w i t h   e a c h   o t h e r   and  e v a l u a t e d   t h e m  

s u b j e c t i v e l y .   As  f o r   o r i g i n a l   p i c t u r e s ,   t h o s e   i n c l u d i n g  



t he   w h o l e   a p p e a r a n c e   of  a  human  w e r e   u s e d ,   and  t h e   o b s e r v e r  

e v a l u a t e d   how  much  d e t e r i o r a t i o n   o c c u r r e d   by  c o m p r e s s i o n   a s  

to  f e a t u r e s   of  a  human  f a c e .   When  an  o r i g i n a l   p i c t u r e   w a s  

a  p o r t r a i t   of  a  human  f a c e   w i t h   s i m p l e   b a c k g r o u n d   or   w h i t e  

m o n o t o n o u s   b a c k g r o u n d ,   t he   c o m p r e s s i o n   r a t e   of  t h e  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   i l l u s t r a t e d   in  F i g .   16  

c o r r e s p o n d i n g   to   TABLE  VI  was  a p p r o x i m a t e l y   1 .0   b i t   p e r  

p i c t u r e   e l e m e n t ,   and  the   c o m p r e s s i o n   r a t e   of  t h e  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   i l l u s t r a t e d   in  F i g .   17  

c o r r e s p o n d i n g   to  TABLE  VII  was  a p p r o x i m a t e l y   0 .6   b i t s   p e r  

p i c t u r e   e l e m e n t .   S a i d   o r i g i n a l   p i c t u r e   had  d a t a   s i z e   of  8 

b i t s   p e r   p i c t u r e   e l e m e n t   and  had  256  m u l t i p l i e d   by  2 5 6  

p i c t u r e   e l e m e n t s .  

F i g .   21  i l l u s t r a t e s   a  b l o c k   d i a g r a m   of  a  v i s u a l   i m a g e  

s e n s o r   s y s t e m   in  a c c o r d a n c e   w i t h   a  s e c o n d   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n .   F i g .   22  i l l u s t r a t e s   a  f l o w   c h a r t   f o r   a n  

e x p l a n a t i o n   of  an  o p e r a t i o n   of  t h e   s e c o n d   e m b o d i m e n t .   I n  

t he   p r e s e n t   e m b o d i m e n t ,   a  l i g h t i n g   u n i t   93  w h i c h  

i l l u m i n a t e s   an  o b j e c t   of  an  i m a g e   p i c k u p   u n i t   91  by  v i s i b l e  

s p e c t r u m   or  i n f r a r e d   r a y   e t c .   and  a  c o n t r o l l e r   u n i t   94 

w h i c h   s w i t c h e s   t h e   l i g h t i n g   u n i t   93  on  and  o f f   a r e   p r o v i d e d  

in  o r d e r   to  r e g i s t r a t e   p i c t u r e   d a t a   w i t h   and  w i t h o u t  

i l l u m i n a t i o n   in  n o r m a l   s i t u a t i o n s   i n t o   a  memory  u n i t   92  a s  

s t a n d a r d   p i c t u r e   d a t a ,   w h i c h   c o r r e s p o n d   to  t he   p r i m a r y  

e x t r a c t e d   s t a n d a r d   d a t a   D l i   in  F i g .   1 .  

C u r r e n t   p i c t u r e   d a t a   w i t h   i l l u m i n a t i o n   and  c u r r e n t  

p i c t u r e   d a t a   w i t h o u t   i l l u m i n a t i o n   a r e   c o m p a r e d   w i t h   t h e  

r e s p e c t i v e   s t a n d a r d   p i c t u r e   d a t a   by  c o m p a r i n g   m e a n s  

i n c l u d e d   in  t he   c o n t r o l l e r   u n i t   94.   When  c h a n g e s   a r e  

d e t e c t e d   o n l y   in  t he   p i c t u r e   d a t a   w i t h   i l l u m i n a t i o n ,   t h e  

c o n t r o l l e r   u n i t   94  g e n e r a t e s   a  d e t e c t i o n   s i g n a l   of  n o n -  

f l a m y   a b n o r m a l   s i t u a t i o n s .   When  c h a n g e s   a r e   d e t e c t e d   i n  

b o t h   of  t he   p i c t u r e   d a t a   w i t h   and  w i t h o u t   i l l u m i n a t i o n ,   t h e  

c o n t r o l l e r   u n i t   94  g e n e r a t e s   a  d e t e c t i o n   s i g n a l   of  f l a m y  

a b n o r m a l   s i t u a t i o n s .   N a m e l y ,   in   t h e   p r e s e n t   e m b o d i m e n t ,  

t he   c o n t r o l l e r   u n i t   94  d i s c r i m i n a t e s   f l a m y   a b n o r m a l  



s i t u a t i o n s   s u c h   as  a  f i r e   f rom  o t h e r   n o n - f l a m y   a b n o r m a l  

s i t u a t i o n s   by  u t i l i z i n g   t h e   f a c t   t h a t   f l a m y   a b n o r m a l  

s i t u a t i o n s   s h o u l d   make  l i g h t   s o u r c e s   of  t h e m s e l v e s ,   w h e r e b y  

i t   b e c o m e s   p o s s i b l e   to  j u d g e   w h e t h e r   or  no t   a b n o r m a l  

s i t u a t i o n s   a r e   c a u s e d   by  a  f i r e .  

R e f e r r i n g   now  to  F i g s .   23  to  25,  t h e r e   i s   i l l u s t r a t e d   a  

t h i r d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   In  t h i s  

e m b o d i m e n t ,   c o m p r e s s i o n   t r a n s m i s s i o n   s y s t e m   of  m o n i t o r e d  

p i c t u r e s   a t   t he   t i m e   of  c h a n g e   d e t e c t i o n   w i l l   be  r e l a t e d .  

P a r t i c u l a r l y ,   p i c t u r e   i n f o r m a t i o n   t r a n s m i s s i o n   of  c h a n g e d  

p o r t i o n s   b e t w e e n   f r a m e s   w i l l   be  r e l a t e d ,   w h i c h   i s   b a s e d   o n  

f r a m e - t o - f r a m e   p r e d i c t i o n   r e s i d u a l s   b e t w e e n   a  p r e v i o u s  

p i c t u r e   f r a m e   or   a  p r e d i c t e d   p i c t u r e   f r a m e   and  a  c u r r e n t  

p i c t u r e   f r a m e .  

F i g .   23A  i l l u s t r a t e s   a  c i r c u i t   of  a  v i s u a l   image   s e n s o r  

i n c l u d i n g   a  p i c t u r e   t r a n s m i t t e r ,   and  F i g .   23B  i l l u s t r a t e s   a  

c i r c u i t   of  a  c o r r e p o n d i n g   r e c e i v e r .   In  F i g .   23A  a  v i d e o  

c a m e r a   1,  an  A/D  c o n v e r t e r   4,  a  f r a m e   memory  5,  a  

s y n c h r o n o u s   s i g n a l   g e n e r a t o r   c i r c u i t   3,  and  an  a d d r e s s  

c o u n t e r   6  a r e   t h e   same  as  t h o s e   d e s c r i b e d   in  F i g .   1.  T h e  

f r a m e   memory  5  can  be  a c c e s s e d   by  an  a r i t h m e t i c   c o n t r o l l e r  

c i r c u i t   399  s u c h   as  a  CPU,  and  an  a d d r e s s   s e l e c t o r   9 

s e l e c t s   e i t h e r   of   an  a d d r e s s   s i g n a l   f rom  t h e   a d d r e s s  

c o u n t e r   6  or   an  a d d r e s s   s i g n a l   f rom  s a i d   a r i t h m e t i c  

c o n t r o l l e r   c i r c u i t .   A  c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300,   a  

p r e v i o u s   p i c t u r e   f r a m e   b u f f e r   301,   and  a  s t a n d a r d   p i c t u r e  

f r a m e   b u f f e r   302  r e s p e c t i v e l y   m e m o r i z e   a  c u r r e n t   p i c t u r e  

t h a t   i s   c u r r e n t l y   m o n i t o r e d ,   a  p r e v i o u s   p i c t u r e   t h a t   i s  

p r e v i o u s   to  t he   c u r r e n t   p i c t u r e ,   and  a  p l u r a l i t y   o f  

s t a n d a r d   p i c t u r e s .  

A  c h a n g e   d e t e c t o r   c i r c u i t   310  in  F i g .  2 3 A   can  b e  

r e g a r d e d   as  c o r r e s p o n d i n g   to  t he   p r i m a r y   c h a n g e   d e t e c t o r  

c i r c u i t   10  in  F i g .   1,  or   c o m p r i s i n g   t h e   p r i m a r y   c h a n g e  

d e t e c t o r   c i r c u i t   10  in  F i g .   1,  t he   s e c o n d a r y   c h a n g e  

d e t e c t o r   c i r c u i t   20  in  F i g .   3,  and  t he   p a t t e r n   v e r i f i c a t i o n  

c i r c u i t   30  in  F i g .   4.  N a m e l y ,   t h e   c h a n g e   d e t e c t o r   c i r c u i t  



310  c o m p r i s e s   p r o c e s s i n g   i l l u s t r a t e d   in  F i g .   24,  in  w h i c h   a  
c a l c u l a t i o n   of  c h a n g e   m a g n i t u d e   of  r e s p e c t i v e   p i c t u r e  

e l e m e n t   b e t w e e n   a  c u r r e n t   p i c t u r e   and  a  p r e v i o u s   p i c t u r e   o r  

b e t w e e n   a  c u r r e n t   p i c t u r e   and  s t a n d a r d   p i c t u r e s ,   a n  

e x a m i n a t i o n   of   c h a n g e   m a g n i t u d e   of  r e s p e c t i v e   p i c t u r e  

e l e m e n t s   as  c o m p a r e d   w i t h   s a i d   s t a n d a r d   v a l u e   R1,  a  

c a l c u l a t i o n   of   p r o j e c t i o n ,   an  e x a m i n a t i o n   of  p r o j e c t i o n   o f  

a  c h a n g e d   r e g i o n   as  c o m p a r e d   w i t h   s a i d   s t a n d a r d   v a l u e   R 2 ,  

an  e x a m i n a t i o n   of  a  c h a n g e d   r e g i o n   s i z e   a r e   s e q u e n t i a l l y  

c a r r i e d   ou t   u n d e r   t h e   c o n t r o l   of  t he   s e q u e n c e r   370.   A 

r e s u l t   of  s a i d   p r o c e s s i n g ,   s u c h   as  X  and  Y  c o o r d i n a t e   of  a  

c h a n g e d   r e g i o n ,   i s   o b t a i n e d   as  an  o u t p u t   of  t he   c h a n g e  

d e t e c t o r   c i r c u i t   3 1 0 .  

P r o c e s s i n g   w h i c h   s t a r t s   a t   a  c o m p r e s s i o n   m a n n e r   s e l e c t o r  

c i r c u i t   320 ,   p a s s i n g   t h r o u g h   a  c h a n g e d   p i c t u r e   e l e m e n t  

j u d g m e n t   c i r c u i t   330 ,   and  r e a c h i n g   a  c o d e   c o m p r e s s o r  
c i r c u i t   340,   a  c o d e   h e a d e r   g e n e r a t o r   c i r c u i t   350  and  a  

p a c k e t   d a t a   e d i t o r   c i r c u i t   360  in  F i g .   23A  can  be  r e g a r d e d  

as  c o r r e s p o n d i n g   to  p r o c e s s i n g   in  t h e   d a t a   c o m p r e s s o r  
c i r c u i t   40  and  c o d e r   c i r c u i t   42  in  F i g .   3.  S i m i l a r l y ,  

p r o c e s s i n g   w h i c h   s t a r t s   a t   a  p a c k e t   d a t a   s e p a r a t o r   c i r c u i t  

361,   p a s s i n g   t h r o u g h   a  p r i m a r y / s e c o n d a r y   s e l e c t o r   c i r c u i t  

391 ,   and  r e a c h i n g   a  d i s p l a y   p i c t u r e   f r a m e   b u f f e r   303  i n  

F i g .   23B  can  be  r e g a r d e d   as  c o r r e s p o n d i n g   to  p r o c e s s i n g   i n  

t he   d e c o d e r   c i r c u i t   73,  t he   d a t a   e x p a n d e r   c i r c u i t   79,  a n d  

the   f r a m e   memory   81  in  F i g .   5 .  

In  F i g .   23A,  p i c t u r e   t r a n s m i s s i o n   i s   c o n t r o l l e d   by  a  

s e q u e n c e r   370  s u c h   t h a t   a  r o u g h   p i c t u r e ,   a  s e m i - f i n e  

p i c t u r e ,   and  a  f i n e   p i c t u r e   a r e   t r a n s m i t t e d   in  t h i s   o r d e r  

when  a  f r e s h   p i c t u r e   i s   t r a n s m i t t e d .   In  o t h e r   w o r d s ,   a  

t r a n s m i t t e d   p i c t u r e   is   made  d i s t i n c t   g r a d u a l l y   f rom  a  r o u g h  

one  to  a  f i n e   o n e ,   w h e r e b y   a  p h a s e   of  c h a n g e s   can  b e  

t r a n s m i t t e d   as  soon   as  p o s s i b l e .   For   i n s t a n c e ,   s a i d   r o u g h  

p i c t u r e   may  h a v e   64  m u l t i p l i e d   by  64  p i c t u r e   e l e m e n t s ,   a n d  

s a i d   s e m i - f i n e   p i c t u r e   may  h a v e   128  m u l t i p l i e d   by  1 2 8  

p i c t u r e   e l e m e n t s ,   and  s a i d   f i n e   p i c t u r e   may  have   2 5 6  



m u l t i p l i e d   by  256  p i c t u r e   e l e m e n t s .  

In  t h e   p r e d i c t e d   p i c t u r e   f r a m e   b u f f e r   162,   t he   s a m e  

p i c t u r e   i s   o b t a i n e d   by  r e s t o r a t i o n   p r o c e s s i n g   as  t h e  

p i c t u r e   in  t h e   p r e d i c t e d   p i c t u r e   f r a m e   b u f f e r   262  of  t h e  

r e c e i v e r   in   F i g .   23B.  In  t h e   c a s e   of  t h e   r o u g h   p i c t u r e  

h a v i n g   64  m u l t i p l i e d   by  64  p i c t u r e   e l e m e n t s   or   t h e   s e m i -  

f i n e   p i c t u r e   h a v i n g   128  m u l t i p l i e d   by  128  p i c t u r e   e l e m e n t s ,  

p i c t u r e   e l e m e n t   v a l u e s   w h i c h   a r e   no t   t r a n s m i t t e d  a r e  

o b t a i n e d   by  i n t e r p o l a t i o n   in  v e r t i c a l   a n d / o r   h o r i z o n t a l  

d i r e c t i o n s .  

A  p a r a m e t e r   t a b l e   380  g e n e r a t e s   v a r i o u s   p a r a m e t e r   s u c h  

as  t h e   n u m b e r   of  t r a n s m i t t e d   p i c t u r e   e l e m e n t s   as  t o  

r e s p e c t i v e   p i c t u r e s   u s e d   f o r   s a i d   g r a d u a l   d i s t i n c t i o n  

i m p r o v e m e n t   or   g r a d u a l   r e s o l v i n g ,   c o m p r e s s i o n   p a r a m e t e r  

n e c e s s a r y   f o r   s e l e c t i n g   c o m p r e s s i o n   m a n n e r   to  be  m e n t i o n e d  

h e r e i n a f t e r ,   and  s e l e c t o r   p a r a m e t e r   f o r   s e l e c t i n g   a  w h o l e  

p i c t u r e   t r a n s m i s s i o n   and  a  c h a n g e d   p o r t i o n   t r a n s m i s s i o n   o r  

a  b l o c k   t r a n s m i s s i o n ,   e t c .  

In  o r d e r   to  t r a n s m i t   i n f o r m a t i o n   of  a  m o n i t o r e d   p i c t u r e  

or   a  c u r r e n t   p i c t u r e   a t   t h e   t i m e   of  c h a n g e   d e t e c t i o n ,   t h e  

c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   c i r c u i t   330  r e a d s   a  

c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300 ,   and  t a k e s   in  a  f r a m e - t o -  

f r a m e   r e s i d u a l   w h i c h   i s   an  e r r o r   or  an  a b s o l u t e   v a l u e   of  a  

d i f f e r e n c e   b e t w e e n   t h e   c u r r e n t   p i c t u r e   and  a  p r e d i c t e d  

p i c t u r e   in  t h e   p r e d i c t e d   p i c t u r e   f r a m e   b u f f e r   162  t h a t   i s  

p r e d i c t e d   on  t h e   b a s i s   of  a  p r e v i o u s   p i c t u r e   f r a m e   t h a t   h a s  

b e e n   a l r e a d y   t r a n s m i t t e d .   The  c h a n g e d   p i c t u r e   e l e m e n t  

j u d g m e n t   c i r c u i t   330  i s   p r o v i d e d   w i t h   a  s t a n d a r d   v a l u e   R4 

f o r   c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   w h i c h   i s   s m a l l e r   t h a n  

t h e   s t a n d a r d   v a l u e   f o r   c h a n g e   d e t e c t i o n   of  p i c t u r e   e l e m e n t s  

in  t h e   c h a n g e   d e t e c t o r   c i r c u i t   310.   The  c h a n g e d   p i c t u r e  

e l e m e n t   j u d g m e n t   c i r c u i t   330  d e t e r m i n e s   c h a n g e d   p i c t u r e  

e l e m e n t s   w h i c h   a r e   g r e a t e r   t h a n   t he   s t a n d a r d   v a l u e   R4  a n d  

z e r o   p i c t u r e   e l e m e n t s   w h i c h   a r e   s m a l l e r   t h a n   t he   s t a n d a r d  

v a l u e   R 4 .  

V a l u e s   of  t h e   z e r o   p i c t u r e   e l e m e n t s   of   f r a m e - t o - f r a m e  



r e s i d u a l s   a n d / o r   a  c u r r e n t   p i c t u r e   f r a m e   a r e   s e t   a t   z e r o .  

I f   n e c e s s a r y ,   one  or  two  z e r o   p i c t u r e   e l e m e n t s   s u r r o u n d e d  

by  c h a n g e d   p i c t u r e   e l e m e n t s   a r e   c o n v e r t e d   i n t o   c h a n g e d  

p i c t u r e   e l e m e n t s   by  means   of  p r o p a g a t i o n   and  d e g e n e r a t i o n  

of  t he   c h a n g e d   p i c t u r e   e l e m e n t s ,   and  one  or   two  c h a n g e d  

p i c t u r e   e l e m e n t s   s u r r o u n d e d   by  z e r o   p i c t u r e   e l e m e n t s   a r e  

c o n v e r t e d   i n t o   t h e   z e r o   p i c t u r e   e l e m e n t s ,   w h e r e b y   s o l i t a r y  

z e r o   p i c t u r e   e l e m e n t s   w i t h i n   c h a n g e d   p i c t u r e   e l e m e n t s   a n d  

s o l i t a r y   c h a n g e d   p i c t u r e   e l e m e n t s   w i t h i n   z e r o   p i c t u r e  

e l e m e n t s   a r e   e l i m i n a t e d .  

The  f r a m e - t o - f r a m e   r e s i d u a l s   or   v a l u e s   of  c h a n g e d  

p i c t u r e   e l e m e n t s   of  t he   c u r r e n t   p i c t u r e   f r a m e   a r e  

c o m p r e s s e d   by  a  DPCM  s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n  

r e s i d u a l s ,   or  a  v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m   o f  

l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s ,   or  a  p r i m a r y   v a r i a b l e  

s a m p l i n g   r a t e   c o d i n g   s y s t e m ,   w h e r e b y   c h a n g e d   r e g i o n s   o r  

c h a n g e d   p i c t u r e   e l e m e n t s   a r e   t r a n s m i t t e d   w i t h   h i g h  

e f f i c i e n c y .  

A  c o m p r e s s i o n   m a n n e r   s e l e c t o r   c i r c u i t   320  i s   p r o v i d e d  

f o r   s e l e c t i n g   and  s w i t c h i n g   c o m p r e s s i o n   m a n n e r s   i n  

a c c o r d a n c e   w i t h   c a l c u l a t e d   r a t i o   of  a  c h a n g e d   r e g i o n   to  a  

p r e v i o u s   p i c t u r e .   S a i d   r a t i o   is   c a l c u l a t e d   by  c o n s i d e r i n g ,  

f o r   i n s t a n c e ,   t h e   s i z e   of  c h a n g e d   r e g i o n   of  s a i d   p r i m a r y  

c h a n g e   d e t e c t i o n ,   t h e   n u m b e r   of  p i c t u r e   e l e m e n t s   c h a n g e d  

b e t w e e n   f r a m e s   whose   c h a n g e s   a r e   g r e a t e r   t h a n   t h e   s t a n d a r d  

v a l u e   R4  j u d g m e n t ,   and  t h e   n u m b e r   of  c o d e s   f o r   c o m p r e s s i o n  

and  e x p a n s i o n   of  z e r o   p i c t u r e   e l e m e n t s   and  z e r o   l i n e s ,   e t c .  

S t a n d a r d   v a l u e s   f o r   s w i t c h i n g   t h e   c o m p r e s s i o n   m a n n e r s  

a r e   s e t   at   50%  and  20%.  When  c h a n g e d   p i c t u r e   e l e m e n t s   a r e  

j u d g e d   to  be  l e s s   t h a n   20%  on  t he   b a s i s   of  t h e   s i z e   or  t h e  

w i d t h   of  a  r e c t a n g u l a r   r e g i o n   o b t a i n e d   by  c h a n g e   d e t e c t i o n ,  

v a l u e s   of  c h a n g e d   p i c t u r e   e l e m e n t s   w i t h i n   t h e   c u r r e n t  

p i c t u r e   f r a m e   b u f f e r   300  a r e   d i r e c t l y   c o m p r e s s e d   a n d  

e x p a n d e d   as  to  z e r o   p i c t u r e   e l e m e n t s   and  z e r o   l i n e s .   When  

c h a n g e d   p i c t u r e   e l e m e n t s   r a n g e s   f rom  20%  to  50%,  v a l u e s   o f  

c h a n g e d   p i c t u r e   e l e m e n t s   of  t he   c u r r e n t   p i c t u r e   f r a m e  



b u f f e r   300  or  t he   c h a n g e d   p i c t u r e   e l e m e n t s   of  f r a m e - t o -  

f r a m e   r e s i d u a l s   a r e   c o m p r e s s e d   and  e x p a n d e d   as  to  z e r o  

c o d e s   and  z e r o   l i n e s   by  a  p r i m a r y   DPCM  s y s t e m   or   a  p r i m a r y  

v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m .   When  c h a n g e d   p i c t u r e  

e l e m e n t s   a r e   l a r g e r   t h a n   50%,  a  w h o l e   p i c t u r e   of   t h e  

c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300  or   a  w h o l e   p i c t u r e   o f  

f r a m e - t o - f r a m e   r e s i d u a l s   a r e   c o m p r e s s e d   and  e x p a n d e d   as  t o  

z e r o   c o d e s   and  z e r o   l i n e s   by  a  s e c o n d a r y   DPCM  s y s t e m   or  a  

s e c o n d a r y   v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m .  

When  t he   c h a n g e d   p i c t u r e   e l e m e n t s   of  t he   c u r r e n t   p i c t u r e  

f r a m e   b u f f e r   300  a r e   t r a n s m i t t e d ,   a  d a t a   p a s s a g e   t h r o u g h   a  

c h a n g e d   p i c t u r e   e l e m e n t   l i n e   b u f f e r   171  and  a  z e r o   p i c t u r e  

e l e m e n t   /  z e r o   l i n e   c o m p r e s s o r   c i r c u i t   172  i s   s e l e c t e d   by  a  

s w i t c h i n g   c i r c u i t   322 .   At  t h i s   o c c u r r e n c e ,   a  z e r o   p i c t u r e  

e l e m e n t   /  z e r o  l i n e   e x p a n d e r   c i r c u i t   181  and  a  c h a n g e d  

p i c t u r e   e l e m e n t   l i n e   b u f f e r   182  i s   s e l e c t e d   by  s w i t c h i n g  

c i r c u i t s   323  and  3 2 4 .  

When  t he   f r a m e - t o - f r a m e   r e s i d u a l s   a r e   t r a n s m i t t e d ,   a  

d a t a   p a s s a g e   t h r o u g h   a  p r e d i c t i o n   r e s i d u a l   l i n e   b u f f e r   1 1 1  

and   a  v a r i a b l e   s a m p l i n g   r a t e   e n c o d e r   112  i s   s e l e c t e d   by  t h e  

s w i t c h i n g   c i r c u i t   322 .   At  t h i s   o c c u r r e n c e ,   a  d a t a   p a s s a g e  

t h r o u g h   a  v a r i a b l e   s a m p l i n g   r a t e   d e c o d e r   c i r c u i t   221  and  a  

p r e d i c t i o n   r e s i d u a l   l i n e   b u f f e r   222  i s   s e l e c t e d   by  t h e  

s w i t c h i n g   c i r c u i t s   323  and  324 .   Bo th   of  t h e   e n c o d e r   1 1 2  

and   t h e   d e c o d e r   221  a r e   p r o v i d e d   w i t h   a  same  q u a n t i z a t i o n  

c h a r a c t e r i s t i c .   S a i d   s w i t c h i n g   c i r c u i t   322 ,   323 ,   and  3 2 4  

a r e   u n d e r   t he   c o n t r o l   of   t h e   c o m p r e s s i o n   m a n n e r   s e l e c t o r  

c i r c u i t   3 2 0 .  

A  p r i m a r y / s e c o n d a r y   s e l e c t o r   c i r c u i t   390  s w i t c h e s   s a i d  

p r i m a r y   and  s e c o n d a r y   p r e d i c t i o n   by  s e l e c t i n g   w h e t h e r   o r  

n o t   a  s e c o n d a r y   p r e d i c t o r   c i r c u i t   192  i s   i n s e r t e d   i n t o   d a t a  

p a s s a g e .   A  p r i m a r y   p r e d i c t o r   c i r c u i t   191  c o m p r i s e s   a  

f r a m e - t o - f r a m e   p r e d i c t o r   c i r c u i t   161  and  s a i d   p r e d i c t e d  

p i c t u r e   f r a m e   b u f f e r   162 .   The  s e c o n d a r y   p r e d i c t o r   c i r c u i t  

192  c o m p r i s e s   a  p r e d i c t o r   c i r c u i t   130  and  a  p r e d i c t i o n  

r e s i d u a l   l i n e   b u f f e r   133  b a s e d   on  c o m p r e s s i o n   and   e x p a n s i o n  



in  s c a n n i n g   l i n e s .  

S a i d   z e r o   p i c t u r e   e l e m e n t   and  z e r o   l i n e   c o m p r e s s i o n  

s y s t e m   i s   s u c h   s y s t e m   as  e x p l a i n e d   in  t he   f o l l o w i n g .   T h e  

z e r o   p i c t u r e   e l e m e n t   means   s u c h   p i c t u r e   e l e m e n t   t h a t   l i n e -  

t o - l i n e   r e s i d u a l   t h e r e o f   i s   s m a l l e r   t h a n   s a i d   s t a n d a r d  

v a l u e   R4.  V a l u e s   of  z e r o   p i c t u r e   e l e m e n t s   of  f r a m e - t o -  

f r a m e   r e s i d u a l s   and  the   c u r r e n t   p i c t u r e   f r a m e   a r e   s e t   a t  

z e r o ,   as  shown  in  F i g s .   25A  and  25B.  D a t a   t a k e n   i n t o   a  

c h a n g e d   p i c t u r e   e l e m e n t   l i n e   b u f f e r   171  f rom  t h e   c h a n g e d  

p i c t u r e   e l e m e n t   j u d g m e n t   c i r c u i t   330  a r e   c o m p r e s s e d   by  a  

z e r o   p i c t u r e   e l e m e n t   and  z e r o   l i n e   c o m p r e s s o r   c i r c u i t   172  

in  a c c o r d a n c e   w i t h   TABLE  V I I I .  

S a i d   c o m p r e s s e d   d a t a   a r e   e x p r e s s e d   in  8  b i t s   c o d e s   w h o s e  

u p p e r   2  b i t s   i n d i c a t e   m e a n i n g s   t h e r e o f .   When  s a i d   u p p e r   2 

b i t s   a r e   " 0 0 " ,   t h e   c o d e   m e a n s   t h e   c h a n g e d   p i c t u r e   e l e m e n t .  

When  t h e y   a r e   " 0 1 " ,   t he   c o d e   means   the   n u m b e r   of  z e r o  

p i c t u r e   e l e m e n t s .   When  t h e y   a r e   " 1 0 " ,   t h e   c o d e   means   t h e  

n u m b e r   of  z e r o   l i n e s ,   i . e . ,   l i n e s   whose   p i c t u r e   e l e m e n t s  

a r e   a l l   z e r o   p i c t u r e   e l e m e n t s .   When  t h e y   a r e   " 1 1 " ,   t h e  

code   means   t h e   end  of  a  l i n e   or  t he   end  of  a  f r a m e .  

In  t h e   l o w e r   6  b i t s   of  t h e   c o d e ,   t he   f r a m e - t o - f r a m e  

r e s i d u a l   of  t he   c h a n g e d   p i c t u r e   e l e m e n t   or   t h e   p i c t u r e  

e l e m e n t   v a l u e   of  t he   c u r r e n t   p i c t u r e   f r a m e   a r e   t r a n s m i t t e d  

as  t h e y   a r e .   As  f o r   t he   f r a m e - t o - f r a m e   r e s i d u a l s ,   t h e  

v a l u e s   of  p r e d i c t e d   p i c t u r e   f r a m e   a d d e d   by  t h e   f r a m e - t o -  

f r a m e   r e s i d u a l s   t a k e   the   p l a c e   of  t he   v a l u e s   of  p r e d i c t e d  

p i c t u r e   f r a m e .   As  f o r   t h e   p i c t u r e   e l e m e n t   v a l u e s   of  t h e  

c u r r e n t   p i c t u r e   f r a m e ,   t h e   v a l u e s   of  t he   p r e d i c t e d   p i c t u r e  

f r a m e   of  t h e   c h a n g e d   p i c t u r e   e l e m e n t s   t a k e   t h e   p l a c e   of  t h e  

p i c t u r e   e l e m e n t   v a l u e s   of  t h e   c u r r e n t   p i c t u r e   f r a m e .   I n  

t h i s   c a s e ,   i n f o r m a t i o n   of  c h a n g e d   p i c t u r e   e l e m e n t s   can  b e  

t r a n s m i t t e d   w i t h   h i g h   f i d e l i t y ,   when  c h a n g e d   r e g i o n s   a r e   a s  

s m a l l   as  10%.  

The  z e r o   code   /  z e r o   l i n e   c o m p r e s s i o n   i s   c a r r i e d   ou t   i n  

t h e   f o l l o w i n g   m a n n e r .   The  c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t  

c i r c u i t   330  d i s c r i m i n a t e s   s a i d   c h a n g e d   p i c t u r e   e l e m e n t s  



f r o m   s a i d   z e r o   p i c t u r e   e l e m e n t s   and  s e t s   t h e   v a l u e s   of  t h e  

z e r o   p i c t u r e   e l e m e n t s   a t   z e r o .   V a l u e s   of  t h e   c h a n g e d  

p i c t u r e   e l e m e n t s   and  t h e   z e r o   p i c t u r e   e l e m e n t s   as  to  t h e  

f r a m e - t o - f r a m e   r e s i d u a l s   or  t h e   c u r r e n t   p i c t u r e   f r a m e   a r e  

c o m p r e s s e d   by  a  m a n n e r   s e l e c t e d   in  t h e   c o m p r e s s i o n   m a n n e r  

s e l e c t o r   c i r c u i t   320 ,   s u c h   as  a  s e c o n d a r y   DPCM  s y s t e m   o f  

r e s i d u a l s   of  l i n e - t o - l i n e   p r e d i c t i o n ,   a  s e c o n d a r y   v a r i a b l e  

s a m p l i n g   r a t e   c o d i n g   s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n  

r e s i d u a l s ,   a  p r i m a r y   DPCM  s y s t e m ,   or   a  p r i m a r y   v a r i a b l e  

s a m p l i n g   r a t e   c o d i n g   s y s t e m .   As  f o r   f r a m e - t o - f r a m e  

r e s i d u a l s ,   t r a n s m i s s i o n   c o d e s   a r e   g e n e r a t e d   in  a c c o r d a n c e  

w i t h   TABLE  I I I .   As  f o r   t h e   v a l u e s   of  t he   c u r r e n t   p i c t u r e  

f r a m e ,   h o w e v e r ,   m e a n i n g s   of  some  of  t h e   t r a n s m i s s i o n   c o d e s  

( e . g . ,   FD  and  FE)  a r e   d i f f e r e n t   f r o m   t h o s e   shown  in  TABLE 

I I I .  

In  a  t r a n s i t i o n   f rom  t he   z e r o   p i c t u r e   e l e m e n t   to  t h e  

c h a n g e d   p i c t u r e   e l e m e n t ,   t h e   v a l u e   of  t he   c h a n g e d   p i c t u r e  

e l e m e n t   i s   t r a n s m i t t e d   as  an  i n i t i a l   v a l u e   of  p r e d i c t i o n   b y  

a  c h a n g e d   p i c t u r e   e l e m e n t   code   ( e . g . ,   FD,  x x ) .   In  a  

t r a n s i t i o n   f rom  t h e   c h a n g e d   p i c t u r e   e l e m e n t   to  t he   z e r o  

p i c t u r e   e l e m e n t ,   a  z e r o   p i c t u r e   e l e m e n t   c o d e   ( e . g . ,   FE)  i s  

t r a n s m i t t e d   as  a  t e r m i n a t i o n   v a l u e   of  p r e d i c t i o n .   T h e  

n u m b e r   of  t h e   z e r o   c o d e s   whose   p r e d i c t i o n   r e s i d u a l s   a r e  

z e r o   and  t h e   n u m b e r   of  t h e   z e r o   l i n e s   whose   p i c t u r e  

e l e m e n t s   a r e   a l l   z e r o   c o d e s   a r e   t r a n s m i t t e d   in  a  c o m p r e s s e d  

c o d e .  

The  c o d e   h e a d e r   g e n e r a t o r   c i r c u i t   350  a t t a c h e s ,   to  s a i d  

t r a n s m i s s i o n   c o d e s   as  e x p l a i n e d   in  t h e   a b o v e ,   code   h e a r d e r s  

in   c o r r e s p o n d e n c e   w i t h   t he   r e s p e c t i v e   f r a m e s   in  o r d e r   t o  

show  t h e   n u m b e r   of  t r a n s m i s s i o n   p i c t u r e   e l e m e n t s ,  

c o m p r e s s i o n   p a r a m e t e r ,   and  s e l e c t o r   p a r a m e t e r   f o r   s e l e c t i o n  

of   t h e   w h o l e   p i c t u r e   t r a n s m i s s i o n   and  t he   c h a n g e d   p o r t i o n  

t r a n s m i s s i o n .   The  p a c k e t   d a t a   e d i t o r   c i r c u i t   360  s e n d s   o u t  

s a i d   t r a n s m i s s i o n   c o d e s   t o g e t h e r   w i t h   s a i d   code   h e a d e r s   a s  

c o m m u n i c a t i o n   d a t a .   S a i d   c o m p r e s s i o n   p a r a m e t e r   c o m p r i s e s  

t h e   q u a n t i z a t i o n   c h a r a c t e r i s t i c s   and  p r e d i c t i o n  



c o e f f i c i e n t s   of  t he   f r a m e - t o - f r a m e   p r e d i c t o r   c i r c u i t   1 6 1 ,  

and  can  be  s e l e c t e d   by  t he   s e q u e n c e r   370  or  t h e   c o m p r e s s i o n  

m a n n e r   s e l e c t o r   c i r c u i t   320 .   When  s a i d   p r e d i c t i o n  

c o e f f i c i e n t s   a r e   s e t   a t   o p t i m u m   v a l u e s ,   p r e d i c t i o n   e r r o r s  

c o n c e n t r a t e   upon   z e r o   and  q u a n t i z a t i o n   e r r o r s   a r e   r e d u c e d ,  

w h i c h   i m p r o v e s   p i c t u r e   q u a l i t y .  

By  s e l e c t i n g   t he   q u a n t i z a t i o n   c h a r a c t e r i s t i c s   and  t h e  

n u m b e r   of  t r a n s m i s s i o n   p i c t u r e   e l e m e n t s   u n d e r   t h e   c o n t r o l  

of  t h e   s e q u e n c e r   370  and  t he   c o m p r e s s i o n   m a n n e r   s e l e c t o r  

c i r c u i t   320,   a  h i g h e r   c o m p r e s s i o n   r a t e   and  a  r o u g h   l a t t i c e  

s i z e   as  c o m p a r e d   w i t h   a  s a m p l i n g   l a t t i c e   s i z e   can  b e  

s e l e c t e d .   At  t h i s   o c c u r r e n c e ,   p i c t u r e   i n f o r m a t i o n   of  a  

r o u g h   p i c t u r e ,   w h i c h   a l l o w s   to  r e c o g n i z e   g e n e r a l   o u t l i n e s  

of  c h a n g e d   p o r t i o n   of  a  p i c t u r e ,   can  be  n a r r o w - b a n d  

t r a n s m i t t e d   a f t e r   i n f o r m a t i o n   c o m p r e s s i o n .  

In  t he   r e c e i v e r ,   s a i d   r o u g h   p i c t u r e   i s   d i s p l a y e d   a f t e r  

i n t e r p o l a t i o n .   In  t he   t r a n s m i t t e r ,   t o o ,   s a i d   r o u g h   p i c t u r e  

is   i n t e r p o l a t e d ,   w h i c h   i s   u s e d   f o r   g e n e r a t i n g   a  p r e d i c t e d  

p i c t u r e   of  a  n e x t   p i c t u r e   f r a m e   w h i c h   is   to  be  t r a n s m i t t e d  

in  t h e   n e x t   on  t h e   b a s i s   of  a  p r e v i o u s   p i c t u r e   f r a m e   w h i c h  

has  b e e n   a l r e a d y   t r a n s m i t t e d .  

When  i n s t r u c t i o n s   to  r e q u e s t   a  f i n e   p i c t u r e   o r  

i n s t r u c t i o n s   to  s e t   t r a n s m i s s i o n   modes  a r e   r e c e i v e d ,  

w r i t i n g   o p e r a t i o n   i n t o   t he   c u r r e n t   p i c t u r e   f r a m e   b u f f e r   3 0 0  

f o r   t h e   r e n e w a l   of  t h e   c u r r e n t   p i c t u r e   is   i n h i b i t e d ,   a n d  

p i c t u r e   d a t a   w i t h i n   t h e   c u r r e n t   p i c t u r e   f r a m e   b u f f e r   3 0 0  

a r e   f i x e d   as  t h e   c u r r e n t   p i c t u r e   f r a m e .   T h e n ,   f r a m e - t o -  

f r a m e   r e s i d u a l   d i f f e r e n c e s ,   w h i c h   a r e   e r r o r s   b e t w e e n   t h e  

c u r r e n t   p i c t u r e   f r a m e   and  p r e d i c t e d   p i c t u r e   d a t a   b a s e d   on  a  

p i c t u r e   f r a m e   a l r e a d y   t r a n s m i t t e d ,   a r e   n a r r o w - b a n d  

t r a n s m i t t e d   a f t e r   i n f o r m a t i o n   c o m p r e s s i o n   in  a c c o r d a n c e  

w i t h   a  q u a n t i z a t i o n   c h a r a c t e r s t i c   of  a  l o w e r   c o m p r e s s i o n  

r a t e .   R e p e t i t i o n   of  s a i d   p r o c e s s   a l l o w s   t he   p r e d i c t e d  

v a l u e   to  a p p r o a c h   an  a c t u a l   v a l u e ,   w h e r e b y   t r a n s m i t t e d  

p i c t u r e   is   made  d i s t i n c t   g r a d u a l l y .  

I t   is   a l s o   p o s s i b l e   to  t r a n m i t ,   a f t e r   i n f o r m a t i o n  



c o m p r e s s i o n ,   e i t h e r   of  a  c u r r e n t   p i c t u r e   f r a m e   or  f r a m e - t o -  

f r a m e   r e s i d u a l s ,   t h e   l a t t e r   b e i n g   e r r o r s   b e t w e e n   s a i d  

p r e d i c t e d   p i c t u r e   and  t h e   c u r r e n t   p i c t u r e   f r a m e   b e f o r e  

t r a n s m i s s i o n   h a v i n g   f i n e   l a t t i c e   ( i . e . ,   t h e   f i n e   p i c t u r e ) ,  

w h e r e b y   t r a n s m i t t e d   p i c t u r e   i s   made  d i s t i n c t   g r a d u a l l y .  

In  a d d i t i o n ,   u n d e r   t h e   c o n t r o l   of  t h e   s e q u e n c e r   370  a n d  

t h e   c o m p r e s s i o n   m a n n e r   s e l e c t o r   c i r c u i t   320,   i t   i s   a l s o  

p o s s i b l e   to  t r a n s m i t ,   t h r o u g h   a  n a r r o w - b a n d   c h a n n e l   a n d  

a f t e r   i n f o r m a t i o n   c o m p r e s s i o n ,   e i t h e r   of  a  p i c t u r e   o r  

f r a m e - t o - f r a m e   r e s i d u a l s   of  a  c h a n g e d   r e g i o n   of  a  c u r r e n t  

p i c t u r e   f r a m e   w h i c h   i n c l u d e s   a  c h a n g e   as  c o m p a r e d   w i t h   a  

b a c k g r o u n d   s t a n d a r d   p i c t u r e ,   s a i d   c h a n g e d   r e g i o n   b e i n g  

d e t e r m i n e d   by  c o o r d i n a t e   of  c h a n g e d   r e g i o n   d e t e c t e d   by  t h e  

p r i m a r y   c h a n g e   d e t e c t i o n .  

In  t he   r e c e i v e r   as  shown  in  F i g .   23B,  s a i d   p i c t u r e   o r  

s a i d   f r a m e - t o - f r a m e   r e s i d u a l s   of  t h e   c h a n g e d   r e g i o n   a r e  

r e s t o r e d   and  c o n v e r t e d   i n t o   a  n o r m a l i z e d   p i c t u r e   f r a m e   of  a  

c o n s t a n t   s i z e ,   or   d i s p l a y e d   a f t e r   i n t e r p o l a t i o n .   In  t h e  

t r a n s m i t t e r ,   t o o ,   s a i d   p i c t u r e   or   s a i d   f r a m e - t o - f r a m e  

r e s i d u a l s   a r e   i n t e r p o l a t e d ,   w h i c h   a r e   u t i l i z e d   f o r  

g e n e r a t i n g   a  p r e d i c t e d   p i c t u r e   of  a  n e x t   p i c t u r e   f r a m e   t o  

be  t r a n s m i t t e d   in  t h e   n e x t   on  t he   b a s i s   of  a  p r e v i o u s  

p i c t u r e   f r a m e   w h i c h   has   b e e n   a l r e a d y   t r a n s m i t t e d .   T h e  

p i c t u r e   or  t h e   f r a m e - t o - f r a m e   r e s i d u a l s   of  s a i d   n o r m a l i z e d  

p i c t u r e   f r a m e   a r e   n a r r o w - b a n d   t r a n s m i t t e d   a f t e r   i n f o r m a t i o n  

c o m p r e s s i o n ,   w h e r e b y   i t   b e c o m e s   p o s s i b l e   to  s e l e c t   a  

m a g n i f i e d   d i s p l a y   or   an  i n s e r t e d   d i s p l a y   of  t h e   c h a n g e d  

r e g i o n ,   and  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   or   g r a d u a l  

r e s o l u t i o n   t h e r e o f .  

In  o r d e r   to  i n s e r t   c o n t o u r s   among  c o n t o u r s   by  a  k n o w n  

c o n t o u r   i n s e r t i o n   m e t h o d   f o r   i n t e r p o l a t e d   d i s p l a y ,   i t   i s  

e f f e c t i v e   to  s e t   i n s e r t e d   v a l u e s   a t   g r e a t e r   v a l u e s   t h a n   a n  

a v e r a g e   of  c o n t o u r   i n g r e d i e n t s   h i g h e r   t h a n   an  a v e r a g e   o f  

s u r r o u n d i n g   v a l u e s ,   when  u p p e r / l o w e r ,   l e f t / r i g h t ,   o r  

o b l i q u e   p i c t u r e   e l e m e n t s   a r e   r e g a r d e d   as  i n c l u d i n g   c o n t o u r  

i n g r e d i e n t s .  



F i g .   23B  i l l u s t r a t e s   t he   r e c e i v e r   c i r c u i t ,   in  w h i c h   a  

p a c k e t   d a t a   s e p a r a t o r   c i r c u i t   361  s e p a r a t e s ,   f rom  r e c e i v e d  

c o m m u n i c a t i o n   d a t a ,   t he   c o d e s   s h o w i n g   t he   n u m b e r   o f  

t r a n s m i s s i o n   p i c t u r e   e l e m e n t s ,   c o m p r e s s i o n   p a r a m e t e r ,   a n d  

t he   s e l e c t i o n   of  t he   w h o l e / c h a n g e d   p a r t   of  t he   p i c t u r e ,  

w h i c h   a r e   t a k e n   i n t o   a  p a r a m e t e r   t a b l e   381.   A  c o m p r e s s i o n  

m a n n e r   s e l e c t o r   c i r c u i t   321  t a k e s   in  c o m p r e s s i o n   m a n n e r  

d a t a   s h o w i n g   w h i c h   of  t he   z e r o   p i c t u r e   e l e m e n t   /  z e r o   l i n e  

c o m p r e s s i o n   t r a n s m i s s i o n   s y s t e m   or   t he   z e r o   code   /  z e r o  

l i n e   c o m p r e s s i o n   t r a n s m i s s i o n   s y s t e m   is   u s e d .   U n d e r   t h e  

c o n t r o l   of  t h e   c o m p r e s s i o n   m a n n e r   s e l e c t o r   c i r c u i t   3 2 1 ,  

s w i t c h i n g   c i r c u i t   325  and  326  d i s t r i b u t e   c o m m u n i c a t i o n   d a t a  

to  e x p a n d e r   c i r c u i t s   220  and  280  c o r r e s p o n d i n g   t o  

r e s p e c t i v e   t r a n s m i s s i o n   s y s t e m .  
The  e x p a n d e r   c i r c u i t   280  c o m p r i s e s   a  z e r o   p i c t u r e  

e l e m e n t   /  z e r o   l i n e   e x p a n d e r   c i r c u i t   281  and  a  c h a n g e d  

p i c t u r e   e l e m e n t   l i n e   b u f f e r   282 .   The  e x p a n d e r   c i r c u i t   2 2 0  

c o m p r i s e s   a  v a r i a b l e   s a m p l i n g   r a t e   d e c o d e r   c i r c u i t   221  a n d  

a  p r e d i c t i o n   r e s i d u a l   l i n e   b u f f e r   222 .   The  v a r i a b l e  

s a m p l i n g   r a t e   d e c o d e r   c i r c u i t   221  i s   p r o v i d e d   w i t h   t he   s a m e  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   as  t h a t   of  t he   d e c o d e r   c i r c u i t  

221  in  t h e   t r a n s m i t t e r .  

A  p r i m a r y / s e c o n d a r y   s e l e c t o r   c i r c u i t   391  d e t e r m i n e s  

w h e t h e r   or  no t   t he   s e c o d a r y   p r e d i c t o r   c i r c u i t   292  i s  

i n s e r t e d   b e f o r e   t he   p r i m a r y   p r e d i c t o r   c i r c u i t   291 .   T h e  

p r i m a r y   p r e d i c t o r   c i r c u i t   291  c o m p r i s e s   a  f r a m e - t o - f r a m e  

p r e d i c t o r   c i r c u i t   261  and  a  p r e d i c t e d   p i c t u r e   f r a m e   b u f f e r  

262.   The  s e c o n d a r y   p r e d i c t o r   c i r c u i t   292  c o m p r i s e s   a  

p r e d i c t o r   c i r c u i t   230  and  a  p r e d i c t i o n   r e s i d u a l   l i n e   b u f f e r  

2 3 3 .  

A  d i s p l a y   p i c t u r e   f r a m e   b u f f e r   303  m e m o r i z e s   a  p i c t u r e  

w h i c h   i s   to  be  d i s p l a y e d   on  a  d i s p l a y   u n i t   304  s u c h   as  a  

m o n i t o r   CRT.  I f   n e c e s s a r y ,   t he   p i c t u r e   in  t he   d i s p l a y  

p i c t u r e   f r a m e   b u f f e r   303  is   s t o r e d   in  a  p i c t u r e   memory  3 0 5  

f o r   a  l o n g   t e r m   s t o r a g e .  

R e f e r r i n g   now  to  F i g s .   27A  and  27B,  t h e r e   i s   i l l u s t r a t e d  



a  f o u r t h   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ,   w h e r e i n  

e x p l a n a t i o n   w i l l   be  g i v e n   o n l y   as  to  p i c t u r e   t r a n s m i s s i o n  

s y s t e m   a s s o c i a t e d   w i t h   s a i d   v i s u a l   image  s e n s o r   s y s t e m .   I n  

F i g .   27A,  a  v i d e o   c a m e r a   1,  an  A/D  c o n v e r t e r   4,  a  f r a m e  

memory  5,  a  s y n c h r o n o u s   s i g n a l   g e n e r a t o r   3a,   an  a d d r e s s  

c o u n t e r   6,  an  a d d r e s s   s e l e c t o r   9,  a  code   h e a d e r   g e n e r a t o r  

c i r c u i t   350 ,   a  code   c o m p r e s s o r   c i r c u i t   340,   and  a  p a c k e t  

d a t a   e d i t o r   c i r c u i t   360  a r e   t h e   same  as  t h o s e   d i s c l o s e d   i n  

the   p r e c e d i n g   e m b o d i m e n t s .   In  F i g .   27B,  a  p a c k e t   d a t a  

s e p a r a t o r   c i r c u i t   361,   a  d i s p l a y   p i c t u r e   f r a m e   b u f f e r   3 0 3 ,  

a  d i s p l a y   u n i t   304,   and  a  p i c t u r e   memory  305  a r e   t h e   s a m e  

as  t h o s e   d i s c l o s e d   in  F i g .   23B.  P r e d i c t i o n   c o e f f i c i e n t s   o f  

t he   f r a m e - t o - f r a m e   p r e d i c t o r   c i r c u i t   161  a r e   s e l e c t a b l e .  

W i t h i n   an  i n t e r i o r   f e e d b a c k   l o o p   of   t he   f r a m e - t o - f r a m e  

p r e d i c t o r   c i r c u i t   161,   a  p r e d i c t e d   f r a m e   b u f f e r   162  i s  

i n c l u d e d .   W i t h i n   an  e x t e r i o r   f e e d b a c k   l o o p   of  t h e   f r a m e -  

t o - f r a m e   p r e d i c t o r   c i r c u i t   161,   c o m p r e s s i o n   p r o c e s s   a n d  

e x p a n s i o n   p r o c e s s   by  a  v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m  

a r e   i n c l u d e d .  

A  f r a m e - t o - f r a m e   r e s i d u a l   d e t e c t o r   c i r c u i t   410 ,   a  

c h a n g e d   a m o u n t   d e t e c t o r   c i r c u i t   420 ,   and  an  a v e r a g i n g  

c i r c u i t   430  in  F i g .   27A  and  F i g .   28,  w h i c h   may  be  i n c l u d e d  

w i t h i n   t h e   c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   c i r c u i t   330  i n  

F i g .   23A,  r e d u c e   t he   c h a n g e d   a m o u n t   of  t h e   f r a m e - t o - f r a m e  

r e s i d u a l s   by  m a k i n g   s a i d   s p a t i a l   f i l t e r   f o r   a v e r a g i n g   a c t  

upon  t h e   f r a m e - t o - f r a m e   r e s i d u a l   as  shown  by  L1  o r   upon  t h e  

c u r r e n t   p i c t u r e   f r a m e   as  shown  by  L2  b e f o r e   t r a n s m i s s i o n ,  

when  t h e   c h a n g e d   a m o u n t   of  t h e   f r a m e - t o - f r a m e   r e s i d u a l s   i s  

l a r g e .   The  f r a m e - t o - f r a m e   r e s i d u a l   d e t e c t o r   c i r c u i t   4 1 0  

c o m p r i s e s   a  d i f f e r e n t i a l   c i r c u i t   411  w h i c h   c a l c u l a t e s  

d i f f e r e n c e s   b e t w e e n   t h e   c u r r e n t   p i c t u r e   f r a m e   b u f f e r   3 0 0  

and  t h e   p r e d i c t e d   p i c t u r e   f r a m e   b u f f e r   162;   and  a  f r a m e - t o -  

f r a m e   r e s i d u a l   f r a m e   b u f f e r   412  w h i c h   m e m o r i z e s   s a i d  

c a l c u l a t e d   d i f f e r e n c e s .   The  c h a n g e d   amoun t   d e t e c t o r  

c i r c u i t   420  d e t e r m i n e s   t he   c h a n g e d   amount   of  t h e   f r a m e - t o -  

f r a m e   r e s i d u a l s   by  a  sum  t o t a l   of  t he   f r a m e - t o - f r a m e  



r e s i d u a l s   of  t h e   r e s p e c t i v e   p i c t u r e   e l e m e n t s .   S a i d   s p a t i a l  

f i l t e r   i s   s e l e c t a b l e   by  a  f i l t e r   s e l e c t o r   means   432  a n d  

r e p e a t e d l y   o p e r a b l e   by  a  r e p e a t   t i m e s   s e t t i n g   means   431  a n d  

a v e r a g i n g   l o o p   end  j u d g m e n t   means   433  w h i c h   a r e   i n c l u d e d   i n  

t h e   a v e r a g i n g   c i r c u i t   430 ,   as  shown  in  F i g .   28.  A f t e r   s a i d  

r e d u c t i o n   of  t he   c h a n g e d   amoun t   of  t he   f r a m e - t o - f r a m e  

r e s i d u a l s ,   t h e   r e s i d u a l s   of  t he   f r a m e - t o - f r a m e   p r e d i c t i o n  

of  t h e   c h a n g e d   p i c t u r e   e l e m e n t s   a r e   t r a n s m i t t e d   a f t e r  

c o m p r e s s i o n   c o d i n g   by  s a i d   c o m p r e s s i o n   p r o c e s s .  
As  t h e   c a s e   may  be ,   when  the   f r a m e - t o - f r a m e   r e s i d u a l s  

a r e   t r a n s m i t t e d ,   i t   i s   p r e f e r a b l e   to  r e s e t   t h e   p r e d i c t e d  

p i c t u r e   f r a m e   a t   z e r o   as  shown  by  L3;  to  t r a n s m i t   f i r s t l y  

t h e   f r a m e - t o - f r a m e   r e s i d u a l s   of  t h e   c h a n g e d   p i c t u r e  

e l e m e n t s   h a v i n g   low  f r e q u e n c y   i n g r e d i e n t s ;   and  to  t r a n s m i t  

s e c o n d l y   t h e   f r a m e - t o - f r a m e   r e s i d u a l s   of  t h e   c h a n g e d  

p i c t u r e   e l e m e n t s   h a v i n g   h i g h   f r e q u e n c y   i n g r e d i e n t s ,   w h e r e b y  

i t   b e c o m e s   p o s s i b l e   f o r   t he   p r e d i c t e d   v a l u e s   to  a p p r o a c h  

the   a c t u a l   v a l u e s ,   w h i c h   a l l o w s   s a i d   g r a d u a l   i m p r o v e m e n t   o f  

d i s t i n c t i o n   or   r e s o l u t i o n .  

S a i d   low  f r e q u e n c y   i n g r e d i e n t s   and  s a i d   h i g h   f r e q u e n c y  

i n g r e d i e n t s   a r e   s e l e c t e d   by  s e l e c t i n g   t h e   a v e r a g i n g   s p a t i a l  

f i l t e r s   w h i c h   a c t   upon  t h e   c u r r e n t   p i c t u r e   f r a m e   b e f o r e  

t r a n s m i s s i o n .   N a m e l y ,   a t   f i r s t ,   t h e   p r e v i o u s   p i c t u r e  

f r a m e ,   w h i c h   has   been   a l r e a d y   t r a n s m i t t e d ,   i s   s e t   a t   z e r o ,  

and  a  s p a t i a l   f i l t e r   h a v i n g   h i g h   a v e r a g i n g   a b i l i t y   a c t s  

upon  t h e   c u r r e n t   p i c t u r e   f r a m e   b e f o r e   t r a n s m i s s i o n ,   w h e r e b y  

s a i d   low  f r e q u e n c y   i n g r e d i e n t s   a r e   e x t r a c t e d .   S e c o n d l y ,   a  

s p a t i a l   f i l t e r   h a v i n g   low  a v e r a g i n g   a b i l i t y   a c t s   upon  t h e  

c u r r e n t   p i c t u r e   f r a m e ,   w h e r e b y   s a i d   h i g h   f r e q u e n c y  

i n g r e d i e n t s   a r e   e x t r a c t e d .  

A  q u a n t i z a t i o n   c h a r a c t e r i s t i c   s e l e c t o r   c i r c u i t   4 4 0  

s e l e c t s   q u a n t i z a t i o n   c h a r a c t e r i s t i c   and  r e g i s t e r s   t he   s a m e  

i n t o   a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e   114.   T h e  

q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e   114  s u p p l i e s   a  v a r i a b l e  

s a m p l i n g   r a t e   e n c o d e r   c i r c u i t   112  and  a  v a r i a b l e   s a m p l i n g  

r a t e   d e c o d e r   c i r c u i t   121  w i t h   s a i d   s e l e c t e d   q u a n t i z a t i o n  



c h a r a c t e r i s t i c ,   w h i c h   i s   a l s o   t r a n s m i t t e d   to  t he   r e c e i v e r  

v i a   t h e   code   h e a d e r   g e n e r a t o r   c i r c u i t   3 5 0 .  

A  v a r i a b l e   s a m p l i n g   r a t e   p r e d i c t i o n   c o d i n g   c i r c u i t   1 0 0  

c o m p r i s e s   l i n e   b u f f e r s   111,  122,   133,  and  a  p r e d i c t o r  

c i r c u i t   130,  b e s i d e s   s a i d   v a r i a b l e   s a m p l i n g   r a t e   e n c o d e r  

c i r c u i t   112  and  d e c o d e r   c i r c u i t   121,  and  o p e r a t e s   j u s t   l i k e  

t h e   c i r c u i t   d i s c l o s e d   in  F i g .   10A.  A  f r a m e - t o - f r a m e  

v a r i a b l e   s a m p l i n g   r a t e   p r e d i c t i o n   e n c o d i n g   c i r c u i t   160  

c o m p r i s e s   t he   f r a m e - t o - f r a m e   p r e d i c t o r   c i r c u i t   161,  t h e  

p r e d i c t e d   f r a m e   b u f f e r   162,   and  s a i d   v a r i a b l e   s a m p l i n g   r a t e  

p r e d i c t i o n   e n c o d i n g   c i r c u i t   100,   and  o p e r a t e s   j u s t   l i k e   t h e  

c i r c u i t   d i s c l o s e d   in  F i g .   2 6 C .  

In  t he   r e c e i v e r   shown  in  F i g .   27B,  t he   p a c k e t   d a t a  

s e p a r a t o r   c i r c u i t   361  s e p a r a t e s   a  q u a n t i z a t i o n  

c h a r a c t e r i s t i c   f rom  r e c e i v e d   c o m m u n i c a t i o n   d a t a   a n d  

r e g i s t e r s   the   same  i n t o   a  q u a n t i z a t i o n   t a b l e   224.   A 

v a r i a b l e   s a m p l i n g   r a t e   d e c o d e r   c i r c u i t   221  e x p a n d s   t h e  

r e c e i v e d   code   d a t a   in  a c c o r d a n c e   w i t h   t he   q u a n t i z a t i o n  

c h a r a c t e r i s t i c   in  t he   q u a n t i z a t i o n   c h a r a c t e r i s t i c   t a b l e  

224.   A  v a r i a b l e   s a m p l i n g   r a t e   p r e d i c t i o n   d e c o d i n g   c i r c u i t  

200  c o m p r i s e s   l i n e   b u f f e r s   222 ,   233  and  a  p r e d i c t o r   c i r c u i t  

230 ,   and  o p e r a t e s   j u s t   l i k e   t he   c i r c u i t   d i s c l o s e d   in  F i g .  

10B.  A  f r a m e - t o - f r a m e   v a r i a b l e   s a m p l i n g   r a t e   p r e d i c t i o n  

d e c o d e r   c i r c u i t   260  c o m p r i s e s   a  f r a m e - t o - f r a m e   p r e d i c t o r  

c i r c u i t   261,   a  p r e d i c t e d   f r a m e   b u f f e r   262,   and  s a i d  

v a r i a b l e   s a m p l i n g   r a t e   p r e d i c t i o n   d e c o d i n g   c i r c u i t   200,  a n d  

o p e r a t e s   j u s t   l i k e   t he   c i r c u i t   d i s c l o s e d   in  F i g .   2 6 B .  

F i g .   30A  and  F i g .   30B  r e s p e c t i v e l y   i l l u s t r a t e   a  

t r a n s m i t t e r   and  a  r e c e i v e r   of  a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n .   In  the   p r e s e n t   e m b o d i m e n t ,   as  t h e  

c h a n g e   d e t e c t i o n   o p e r a t i o n   is   t he   same  as  t h a t   of  t h e  

f o r e g o i n g   e m b o d i m e n t s ,   e x p l a n a t i o n s   w i l l   be  g i v e n   o n l y   a s  

to  a  p i c t u r e   t r a n s m i s s i o n   at  t he   t ime  of  c h a n g e   d e t e c t i o n .  

In  F i g .   30A,  a  v i d e o   c a m e r a   1  t a k e s   a  m o n i t o r e d   p i c t u r e ,  

w h i c h   is   c o n v e r t e d   i n t o   a  d i g i t a l   p i c t u r e   s i g n a l   by  an  A /D  

c o n v e r t e r   4  and  m e m o r i z e d   in  a  c u r r e n t   p i c t u r e   f rame  b u f f e r  



300.   In  F i g .   30A,  a  v a r i a b l e   s a m p l i n g   r a t e   e n c o d i n g  
c i r c u i t   110,   a  v a r i a b l e   s a m p l i n g   r a t e   d e c o d i n g   c i r c u i t   1 2 0 ,  

a  p r i m a r y   p r e d i c t o r   c i r c u i t   191,  a  s e c o n d a r y   p r e d i c t o r  

c i r c u i t   192,   an  i n t e r p o l a t i o n   s y n t h e s i s   c i r c u i t   167,  a  

m u l t i p l i e r   c i r c u i t   140,  and  a  z e r o   code  c o m p r e s s o r   c i r c u i t  

150  a r e   t he   same  as  t h o s e   d e s c r i b e d   in  the  p r e c e d i n g  
e m b o d i m e n t s .   A  d i v i d e r   c i r c u i t   141  and  a  m u l t i p l i e r  
c i r c u i t   142  a r e   p o s s e s s i v e   of  the   same  f a c t o r   Ml  as  t h a t   o f  

the   m u l t i p l i e r   c i r c u i t   140.   S w i t c h i n g   c i r c u i t s   SW1  to  SW4 

a r e   p r o v i d e d   f o r   s e l e c t i n g   w h e t h e r   or  not  the   s e c o n d a r y  

p r e d i c t o r   c i r c u i t   192  is   c o n n e c t e d .   In  F ig .   30B,  a  

v a r i a b l e   s a m p l i n g   r a t e   d e c o d i n g   c i r c u i t   220,  a  p r i m a r y  

p r e d i c t o r   c i r c u i t   291,  a  s e c o n d a r y   p r e d i c t o r   c i r c u i t   292,  a  

d i v i d e r   c i r c u i t   240,   and  a  z e r o   code  e x p a n d e r   c i r c u i t   2 5 0  

a r e   t he   same  as  t h o s e   d e s c r i b e d   in  t he   p r e c e d i n g  

e m b o d i m e n t s .   A  m u l t i p l i e r   c i r c u i t   241  is  p o s s e s s i v e   of  t h e  

same  f a c t o r   M1  as  t h a t   of  the   d i v i d e r   c i r c u i t   2 4 0 .  

S w i t c h i n g   c i r c u i t s   SW5  and  SW6  a r e   p r o v i d e d   f o r   s e l e c t i n g  

w h e t h e r   or  not   t he   s e c o n d a r y   p r e d i c t o r   c i r c u i t   292  i s  

c o n n e c t e d .  

In  the   p r e s e n t   e m b o d i m e n t ,   b e f o r e   t r a n s m i t t i n g   a  

m o n i t o r e d   p i c t u r e   or  a  p r e s e n t   p i c t u r e   in  a  low  r a t e  

t r a n s m i s s i o n   or  in  a  g r a d u a l   r e s o l v i n g   t r a n s m i s s i o n ,   t h e  

c h a n g e d   p i c t u r e   e l e m e n t s ,   in  w h i c h   f r a m e - t o - f r a m e  

p r e d i c t i o n   r e s i d u a l s   of  p i c t u r e   e l e m e n t s   r o u g h l y   t h i n n e d  

out   in  c o n s t a n t   s p a c e   a r e   g r e a t e r   t h a n   a  f i r s t  

p r e d e t e r m i n e d   v a l u e   R4A,  a r e   s e p a r a t e d   from  the  z e r o  

p i c t u r e   e l e m e n t s   in  w h i c h   s a i d   f r a m e - t o - f r a m e   p r e d i c t i o n  

e r r o r s   of  p i c t u r e   e l e m e n t s   a r e   s m a l l e r   than   the  f i r s t  

p r e d e t e r m i n e d   v a l u e   R4A.  V a l u e s   of  p r e d i c t i o n   r e s i d u a l s   o r  

p i c t u r e   e l e m e n t s   of  the   z e r o   p i c t u r e   e l e m e n t s   a re   se t   a t  

z e r o   by  a  c h a n g e d   r e s i d u a l   j u d g m e n t   c i r c u i t   510.  S i m i l a r y ,  
a   c h a n g e d   r e s i d u a l   j u d g m e n t   c i r c u i t   520  c o m p a r e s   r e s t o r e d  

v a l u e s   w i t h   a  s e c o n d   p r e d e t e r m i n e d   v a l u e   R4B,  w h e r e b y  

r e s t o r e d   v a l u e s   s m a l l e r   t h a n   the   s e c o n d   p r e d e t e r m i n e d   v a l u e  

R4B  a r e   s e t   at   z e r o .   S o l i t a r y   z e r o   p i c t u r e   e l e m e n t s   o r  



s o l i t a r y   c h a n g e d   p i c t u r e   e l e m e n t s   a r e   e l i m i n a t e d   by  a  

c h a n g e   r e s i d u a l   s h a p e r   c i r c u i t   530.  Then ,   c h a n g e d   p o r t i o n s  

of  a  p i c t u r e   a r e   t r a n s m i t t e d   a f t e r   c o m p r e s s i o n   c o d i n g .  

In  t he   r e c e i v e r   i l l u s t r a t e d   in  F i g .   30B,  e i t h e r   of  t h e  

f r a m e - t o - f r a m e   p r e d i c t i o n   r e s i d u a l s   or   the   p i c t u r e   e l e m e n t  

v a l u e s   of  t he   r o u g h l y   t h i n n e d   out   p i c t u r e   e l e m e n t s   a r e  

c o m p a r e d   w i t h   t h e   s e c o n d   p r e d e t e r m i n e d   v a l u e   R4B  in  a  

c h a n g e d   r e s i d u a l   j u d g m e n t   c i r c u i t   521,   w h e r e b y   v a l u e s  

s m a l l e r   t h a n   t h e   s e c o n d   p r e d e t e r m i n e d   v a l u e   R4B  a r e   s e t   a t  

z e r o .   T h e n ,   r e c e i v e d   p i c t u r e s   a re   i n t e r p o l a t e d   a n d  

r e s t o r e d   by  an  i n t e r p o l a t i o n   s y n t h e s i s   c i r c u i t   2 6 7 .  

S i m i l a r l y ,   in  t he   t r a n s m i t t e r ,   p r e d i c t e d   p i c t u r e s   a r e  

i n t e r p o l a t e d   and  r e s t o r e d   by  an  i n t e r p o l a t i o n   s y n t h e s i s  

c i r c u i t   167 .   In  s a i d   i n t e r p o l a t i o n   and  r e s t o r a t i o n   in  t h e  

t r a n s m i t t e r ,   o n l y   when  a d j o i n i n g   r o u g h   l a t t i c e s   o r  

a d j o i n i n g   l a t t i c e s   of  r o u g h l y   t h i n n e d   ou t   p i c t u r e   e l e m e n t s  

a r e   c h a n g e d   p i c t u r e   e l e m e n t s ,   the   f r a m e - t o - f r a m e   p r e d i c t i o n  

r e s i d u a l s   or   t h e   p i c t u r e   e l e m e n t   v a l u e s   a r e   i n t e r p o l a t e d  

and  r e s t o r e d   as  to  s a i d   a d j o i n i n g   l a t t i c e s   of  c h a n g e d  

p i c t u r e   e l e m e n t s ,   or  as  to  s a i d   c h a n g e d   p i c t u r e   e l e m e n t s  

and  z e r o   p i c t u r e   e l e m e n t s   of  r o u g h   l a t t i c e s   a d j o i n i n g  

t h e r e t o ,   w h e r e b y   o n l y   t he   c h a n g e d   p o r t i o n s   a r e   g r a d u a l l y  

made  d i s t i n c t   or   r e s o l v e d   w i t h o u t   r e d u c i n g   the   d i s t i n c t i o n  

or  t he   r e s o l u t i o n   of  t h e   s u r r o u n d i n g s   of  the   c h a n g e d  

p o r t i o n s .  

P a r t i c u l a r l y ,   when  t h e   f r a m e - t o - f r a m e   r e s i d u a l s   a r e  

t r a n s m i t t e d ,   i . e . ,   when  t he   v a l u e s   of  the   f r a m e - t o - f r a m e  

r e s i d u a l s   a r e   i n t e r p o l a t e d   and  r e s t o r e d   as  to  s a i d  

a d j o i n i n g   r o u g h   l a t t i c e s   of  c h a n g e d   p i c t u r e   e l e m e n t s ,   i t   i s  

p r e f e r a b l e   to  i n t e r p o l a t e   the  v a l u e s   of  the   z e r o   p i c t u r e  

e l e m e n t s   w i t h i n   t he   c o r r e s p o n d i n g   s e c t i o n   of  c h a n g e d  

p i c t u r e   e l e m e n t s   of  t he   r e s t o r e d   or  p r e d i c t e d   p r e v i o u s  

p i c t u r e   by  the   p i c t u r e   e l e m e n t   v a l u e s   of  the   r e s t o r e d  

p r e v i o u s   p i c t u r e   at   t he   l o c a t i o n   of  t he   c h a n g e d   p i c t u r e  

e l e m e n t s ,   and  t h e n   to  add  s a i d   i n t e r p o l a t e d   v a l u e s   of  t h e  

z e r o   p i c t u r e   e l e m e n t s   to  s a i d   i n t e r p o l a t e d   v a l u e s   as  to  t h e  



p r e d i c t e d   r e s i d u a l   e r r o r s .   A  n e w l y   r e c e i v e d   p i c t u r e   or  a  

n e w l y   p r e d i c t e d   p i c t u r e   t h u s   i n t e r p o l a t e d   and  r e s t o r e d  

i n c l u d e   no  b a c k g r o u n d   of  t he   p r e v i o u s   p i c t u r e   in  t h e  

c h a n g e d   p o r t i o n   of  t h e   r o u g h   p i c t u r e ,   w h i c h   r e d u c e s   b l u r s  

of  t h e   c h a n g e d   p o r t i o n .  

The  a b o v e   r e l a t e d   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   s y s t e m  

or  t h e   g r a d u a l   r e s o l v e r   s y s t e m   makes   i t   p o s s i b l e   t o  

a s c e r t a i n   a b n o r m a l   s i t u a t i o n s   a t   e m e r g e n c y   and  t a k e  

c o u n t e r m e a s u r e s   a t   t he   t i m e   of  c h a n g e   d e t e c t i o n   w i t h   t h e  

a i d   of  t he   r o u g h   p i c t u r e   a t   f i r s t ,   and  to  r e c o g n i z e   t h e  

a b n o r m a l   s i t u a t i o n s   a c c u r a t e l y   w i t h   t h e   a i d   of  t h e   g r a d u a l  

d i s t i n c t i o n   i m p r o v e m e n t   of  t he   c h a n g e d   p o r t i o n s .   I n  

a d d i t i o n ,   as  t h e   m o n i t o r e d   p i c t u r e   i n f o r m a t i o n   i s  

a u t o m a t i c a l l y   t r a n s m i t t e d   t h r o u g h   t he   e x c h a n g e   c i r c u i t   a t  

t he   t i m e   of  c h a n g e   d e t e c t i o n ,   i t   i s  e c o n o m i c a l   as  c o m p a r e d  

w i t h   t h e   s y s t e m   u s i n g   a  p e r s o n a l   c i r c u i t .   P a r t i c u l a r l y ,  

when  a  p a c k e t   c i r c u i t   i s   e m p l o y e d ,   i t   i s   p r e f e r a b l e   f o r   t h e  

r e c e i v e r   to  r e c e i v e   p i c t u r e   d a t a   f rom  a  p l u r a l i t y   o f  

t r a n s m i t t e r s   s i m u l t a n e o u s l y   t h r o u g h   one  c i r c u i t   and  t o  

i n d i c a t e   them  s i m u l t a n e o u s l y   by  a  s c r e e n   d i v i d e d   in  4 ,  

w h i c h   p r e v e n t s   t h e   c i r c u i t   f rom  b e i n g   b u s y   or   o c c u p i e d  

o w i n g   to   t he   p a c k e t   m u l t i p l e x ,   w h e r e b y   t h e   m o n i t o r i n g  

s y s t e m   b e c o m e s   s u i t a b l e   f o r   r a p i d   c o u n t e r m e a s u r e s .  

F i g s .   31A  to  31I   i l l u s t r a t e   a  g r a d u a l   d i s t i n c t i o n  

i m p r o v e m e n t   o p e r a t i o n .   F i g .   31A  shows  p r e d i c t e d   p i c t u r e  

d a t a ,   and  F i g .   31B  shows   c u r r e n t   p i c t u r e   d a t a .   F i g .   31C 

shows  t r a n s m i s s i o n   d a t a   r e p r e s e n t i n g   t h e   d i f f e r e n c e s  

b e t w e e n   the   p r e d i c t e d   p i c t u r e   d a t a   in  F i g .   31A  and  t h e  

c u r r e n t   p i c t u r e   d a t a   in  F i g .   31B.  The  t r a n s m i s s i o n   d a t a   i n  

F i g .   31C  is   t h i n n e d   ou t   s u c h   t h a t   one  s a m p l e   i s   l e f t   a m o n g  

4.  F i g .   31D  shows   r e s t o r e d   p i c t u r e   d a t a   in  t h e   r e c e i v e r ,  

w h i c h   a r e   o b t a i n e d   by  r e p l a c i n g   t he   p r e d i c t e d   p i c t u r e   d a t a  

shown  in  F i g .   31A  by  s a i d   t r a n s m i t t e d   f r a m e - t o - f r a m e  

p r e d i c t i o n   r e s i d u a l s   shown  in  F i g .   31C,  when  s a i d  

t r a n s m i t t e d   r e s i d u a l s   a r e   no t   z e r o ,   and  by  i n t e r p o l a t i n g  

s a i d   r e p l a c e d   p r e d i c t e d   p i c t u r e   d a t a   a t   s a i d   t h i n n e d   o u t  



i n t e r v a l s .   In  t h i s   m e t h o d ,   h o w e v e r ,   t h e r e   i s   a  d r a w b a c k  

t h a t   t he   r e s t o r e d   p i c t u r e   b e c o m e s   b l u r r e d   and  t r a n s m i s s i o n  

i n f o r m a t i o n   amoun t   i s   l a r g e   b e c a u s e   c h a n g e d   p i c t u r e   e l e m e n t  

d a t a   a r e   no t   c o m p r e s s e d .  

F i g s .   31E  and  31F  show  a n o t h e r   m e t h o d .   F i g .   31E  i s  

i n t e r p o l a t e d   f r a m e - t o - f r a m e   r e s i d u a l s   w h i c h   a r e   o b t a i n e d   b y  

i n t e r p o l a t i n g   the   r o u g h l y   t r a n s m i t t e d   f r a m e - t o - f r a m e  

r e s i d u a l s   shown  in  F i g .   31C.  F i g .   31F  i s   r e s t o r e d   p i c t u r e  

d a t a   w h i c h   a r e   o b t a i n e d   by  a d d i n g   s a i d   i n t e r p o l a t e d   f r a m e -  

t o - f r a m e   r e s i d u a l s   in  F i g .   31E  to  t he   p r e d i c t e d   p i c t u r e  

d a t a   in  F i g .   31A.  In  t h i s   m e t h o d ,   a l t h o u g h   t r a n s m i t t e d  

r o u g h   p i c t u r e   e l e m e n t s   a r e   a c c u r a t e l y   r e s t o r e d ,   p i c t u r e  

e l e m e n t s   b e t w e e n   s a i d   r o u g h   p i c t u r e   e l e m e n t s   a r e   n o t  

a c c u r a t e l y   r e s t o r e d ,   w h i c h   makes   r e c e i v e d   p i c t u r e   b l u r r e d .  

F i g s .   31G  to  31I  show  a  p r e f e r r e d   m e t h o d   w h i c h   i s  

e m p l o y e d   in  t h e   p r e s e n t   e m b o d i m e n t .   F i g .   31G  s h o w s  

i n t e r p o l a t e d   f r a m e - t o - f r a m e   r e s i d u a l s   w h i c h   a r e   o b t a i n e d   b y  

i n t e r p o l a t i n g   t he   r o u g h l y   t r a n s m i t t e d   f r a m e - t o - f r a m e  

r e s i d u a l s   shown  in  F i g .   31C  o n l y   b e t w e e n   a d j o i n i n g   r o u g h  

l a t t i c e s   of  c h a n g e d   p i c t u r e   e l e m e n t s .   F i g .   31H  s h o w s  

i n t e r p o l a t e d   p r e d i c t e d   p i c t u r e   d a t a   w h i c h   a r e   o b t a i n e d   b y  

i n t e r p o l a t i n g   s a i d   p r e d i c t e d   p i c t u r e   d a t a   in   F i g .   31A  a t  

s a i d   t h i n n e d   ou t   i n t e r v a l s   o n l y   b e t w e e n   s a i d   a d j o i n i n g  

r o u g h   l a t t i c e s   of  c h a n g e d   p i c t u r e   e l e m e n t s .   And  F i g .   3 1 I  

shows  r e s t o r e d   p i c t u r e   d a t a   w h i c h   a r e   o b t a i n e d   by  a d d i n g  

t h e   i n t e r p o l a t e d   r e s i d u a l s   in  F i g .   31G  to  t h e   i n t e r p o l a t e d  

p r e d i c t e d   p i c t u r e   d a t a   in   F i g .   3 1 I ,   w h e r e i n   o n l y   t h e  

c h a n g e d   p o r t i o n s   a r e   g r a d u a l l y   made  d i s t i n c t   o r   r e s o l v e d  

w i t h o u t   r e d u c i n g   t h e   d i s t i n c t i o n   or  t h e   r e s o l u t i o n   of  t h e  

s u r r o u n d i n g s   of  t he   c h a n g e d   p o r t i o n s .  

R e f e r r i n g   now  to  F i g s .   32A  and  32B,  t h e r e   i s   i l l u s t r a t e d  

b l o c k   d i a g r a m s   of  a  s i x t h   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n .   F i g .   32A  i l l u s t r a t e s   a  t r a n s m i t t e r   a s s o c i a t e d  

w i t h   s a i d   v i s u a l   image   s e n s o r   s y s t e m ,   and  F i g .   32B 

i l l u s t r a t e s   a  c o r r e s p o n d i n g   r e c e i v e r .   A  c h a n g e   d e t e c t o r  

c i r c u i t   606  in  F i g .   32A  can   be  r e g a r d e d   as  c o m p r i s i n g   t h e  



p r i m a r y   c h a n g e   d e t e c t o r   c i r c u i t   10  in  F i g .   1;  or   c o m p r i s i n g  

the   p r i m a r y   c h a n g e   d e t e c t o r   c i r c u i t   10  in  F i g .   1,  t h e  

s e c o n d a r y   c h a n g e   d e t e c t o r   c i r c u i t   20  in  F i g .   3,  and  t h e  

p a t t e r n   v e r i f i c a t i o n   c i r c u i t   30  in  F i g .   4.  A  p i c t u r e  

c o m p r e s s o r   c i r c u i t   608  and  a  c o m m u n i c a t i o n   d a t a   p r o c e s s i n g  

c i r c u i t   610  in  F i g .   32A  can  be  r e g a r d e d   as  c o r r e s p o n d i n g   t o  

the   d a t a   c o m p r e s s o r   c i r c u i t   40  and  t h e   c o d e r   c i r c u i t   42  i n  

F i g .   3.  An  i m a g e   p i c k u p   la  can  be  r e g a r d e d   as  c o m p r i s i n g  

the   v i d e o   c a m e r a   1  and  the   A/D  c o n v e r t e r   c i r c u i t   4  in  F i g .  

1.  A  c o m m u n i c a t i o n   d a t a   p r o c e s s i n g   c i r c u i t   710  and  a  

p i c t u r e   e x p a n d e r   c i r c u i t   708  in  F i g .   32B  can  be  r e g a r d e d   a s  

c o r r e s p o n d i n g   to   t h e   d e c o d e r   c i r c u i t   73  and  t he   d a t a  

e x p a n d e r   c i r c u i t   79  in  F i g .   5 .  

Change   d e t e c t i o n   o p e r a t i o n   i s   r e p e a t e d   a t   a  c o n s t a n t  

p e r i o d   ( e . g . ,   0 . 5   s e c o n d )   in  a c c o r d a n c e   w i t h   t i m i n g   and  a n  

a d d r e s s   c o n t r o l l e d   by  a  p i c t u r e   w r i t i n g   c o n t r o l l e r   c i r c u i t  

602  u n d e r   t he   i n s t r u c t i o n s   of  a  c u r r e n t   p i c t u r e   r e n e w a l  

t i m i n g   c o n t r o l l e r   c i r c u i t   601.   The  c h a n g e   d e t e c t i o n  

c o n t r o l l e r   c i r c u i t   605  g i v e s   t h e   c h a n g e   d e t e c t o r   c i r c u i t  

606  a  v a r i e t y   of  p a r a m e t e r   and  s t a n d a r d s   f o r   j u d g m e n t .   A 

c h a r a c t e r   i n f o r m a t i o n   c o n t r o l l e r   c i r c u i t   609  g e n e r a t e s  

a l a r m   p a c k e t   d a t a .   A  c o m m u n i c a t i o n   d a t a   p r o c e s s o r   c i r c u i t  

610  e d i t s   t he   a l a r m   p a c k e t   d a t a   in   a c c o r d a n c e   w i t h   a  

p r e s c r i b e d   p r o t o c o l .   A  c o m m u n i c a t i o n   c o n t r o l l e r   c i r c u i t  

610  c o r r e s p o n d s   to  t he   t r a n s m i s s i o n   c o n t r o l l e r   45  in  F i g .  

4,  w h i c h   a u t o m a t i c a l l y   d i a l s   f o r   d a t a   c o m m u n i c a t i o n   b y  

means   of  a  n e t w o r k   c o n t r o l   u n i t   (NCU)  44  or  a  c i r c u i t  

t e r m i n a t i n g   u n i t ,   t h e   l a t t e r   b e i n g   in  t he   c a s e   of  p a c k e t  

e x c h a n g e   n e t w o r k .  

A  g r a d u a l   r e s o l v e r   or   a  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

c o n t r o l l e r   c i r c u i t   607,   w h i c h   c o r r e s p o n d s   to  t he   s e q u e n c e r  

370  in  F i g .   23A,  i s   p r o v i d e d   f o r   c o n t r o l l i n g   c o m p r e s s i o n  

o p e r a t i o n   by  s a i d   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t .   N a m e l y ,  

the   g r a d u a l   r e s o l v e r   c i r c u i t   607  c o n t r o l s   the   p i c t u r e  

c o m p r e s s o r   c i r c u i t   608,   e d i t s   t h e   p i c t u r e   p a c k e t   d a t a   i n  

a c c o r d a n c e   w i t h   a  p r e s c r i b e d   p r o t o c o l   by  t he   c o m m u n i c a t i o n  



d a t a   p r o c e s s i n g   c i r c u i t   610 ,   and  t r a n s m i t s   c o m m u n i c a t i o n  

d a t a   t h r o u g h   a  MODEM  43  or  a  p a c k e t   t e r m i n a l   u n i t   u n d e r   t h e  

c o n t r o l   of  t h e   c o m m u n i c a t i o n   c o n t r o l l e r   c i r c u i t   6 1 1 .  

The  r e c e i v e r   in  F i g .   32B  can  s e n d   to  t he   t r a n s m i t t e r   i n  

F i g .   32A  " s k i p "   i n s t r u c t i o n s ,   w h i c h   mean  to  a b a n d o n   a  

p r e s e n t l y   r e c e i v i n g   p i c t u r e   and  r e q u e s t   a  new  or   n e x t  

p i c t u r e .   The  s k i p   i n s t r u c t i o n s   a r e   s e n t   by  a  m o d e  

c o n t r o l l e r  c i r c u i t   725  and  a  c o m m u n i c a t i o n   c o n t r o l l e r  

c i r c u i t   711 .   When  s a i d   s k i p   i n s t r u c t i o n s   a r e   s e n t   to  t h e  

t r a n s m i t t e r   in  t h e   c o u r s e   of   i n f o r m a t i o n   t r a n s m i s s i o n   o f  

t h e   m o n i t o r e d   p i c t u r e   or   t h e   c u r r e n t   p i c t u r e   by  low  r a t e  

t r a n s m i s s i o n   or  by  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n ,   t he   g r a d u a l   r e s o l v e r   c i r c u i t   607  i n t e r r u p t s  

t h e   t r a n s m i s s i o n   of  t h e   p i c t u r e   i n f o r m a t i o n .   T h e n ,   t h e  

p i c t u r e   w r i t i n g   c o n t r o l l e r   c i r c u i t   602  t a k e s   new  c u r r e n t  

p i c t u r e   d a t a   i n t o   a  c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300 ,   w h i c h  

a r e   t r a n s m i t t e d   by  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n   u n d e r   t he   c o n t r o l   of  t he   g r a d u a l   r e s o l v e r  

c i r c u i t   607  and  t he   c o m m u n i c a t i o n   d a t a   p r o c e s s i n g   c i r c u i t  

6 1 0 .  

S i m i l a r l y ,   t h e   r e c e i v e r   can  s e n d   to  t he   t r a n s m i t t e r  

" s n a p "   i n s t r u c t i o n s ,   w h i c h   mean  to  s e l e c t   an  i n s t r u c t e d  

c o m p r e s s i o n   t r a n s m i s s i o n   mode  d u r i n g   a  c o n s t a n t   p e r i o d   o r  

d u r i n g   a  c o n s t a n t   n u m b e r   of  p i c t u r e s .   When  s a i d   s n a p  
i n s t r u c t i o n s   a r e   s e n t   to   t h e   t r a n s m i t t e r   in  t h e   c o u r s e   o f  

t r a n s m i s s i o n   of  a n i m a t e d   or   s t i l l   p i c t u r e s   by  o r d i n a r y   h i g h  

r a t e   t r a n s m i s s i o n   or   by  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n ,   t h e   g r a d u a l   r e s o l v e r   c i r c u i t   607  i n t e r r u p t s  

t h e   t r a n s m i s s i o n   of  t h e   p i c t u r e   i n f o r m a t i o n   by  s a i d   h i g h  

r a t e   t r a n s m i s s i o n   or  s a i d   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n .   Then ,   new  c u r r e n t   p i c t u r e   d a t a   a r e   t a k e n  

i n t o   t he   c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300  in  a c c o r d a n c e  

w i t h   i n s t r u c t i o n s .   S a i d   c u r r e n t   p i c t u r e   f r a m e   i s  

t r a n s m i t t e d   by  t h e   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   s y s t e m  

in  a c c o r d a n c e   w i t h   s a i d   i n s t r u c t e d   c o m p r e s s i o n   t r a n s m i s s i o n  

mode  d u r i n g   a  c o n s t a n t   p e r i o d   or   d u r i n g   a  c o n s t a n t   n u m b e r  



of  p i c t u r e s .   S a i d   c o m p r e s s i o n   t r a n s m i s s i o n   mode  c o m p r i s e s  

s e l e c t i o n   of  t r a n s m i s s i o n   r a t e ,   p i c t u r e   d i s t i n c t i o n ,   a  

c o m p r e s s i o n   r a t e ,   c o l o r   e l e m e n t s ,   e t c .   S i m i l a r l y ,  

i n s t r u c t i o n s   f o r   s e l e c t i n g   t r a n s m i s s i o n   r a t e   o r  

i n s t r u c t i o n s   f o r   s e l e c t i n g   c o m p r e s s i o n   mode  can  b e  

t r a n s m i t t e d   f r o m   t he   r e c e i v e r   to  t h e   t r a n s m i t t e r .  

A  m i c r o p h o n e / s p e a k e r   c o n t r o l l e r   c i r c u i t   612  a r e   o p e r a t e d  

by  i n s t r u c t i o n s   f o r   s p e a k e r   c a l l i n g   or  by  i n s t r u c t i o n s   f o r  

m i c r o p h o n e   s o u n d   c a t c h i n g   w h i c h   a r e   t r a n s m i t t e d   f rom  t h e  

r e c e i v e r .   When  the   t r a n s m i t t e r   r e c e i v e s   s a i d   i n s t r u c t i o n s  

f o r   s p e a k e r   c a l l i n g   f rom  t h e   r e c e i v e r   in  t he   c o u r s e   o f  

i n f o r m a t i o n   t r a n s m i s s i o n   of  a  m o n i t o r e d   p i c t u r e   or  a  

c u r r e n t   p i c t u r e   d u r i n g   a  c o n s t a n t   p e r i o d   or  a  c u r r e n t  

p i c t u r e   d u r i n g   a  c o n s t a n t   p e r i o d   or   a t   t he   t i m e   of  c h a n g e  

d e t e c t i o n   by  o r d i n a r y   h i g h   r a t e   t r a n s m i s s i o n   or  by  g r a d u a l  

d i s t i n c t i o n   i m p r o v e m e n t   t r a n s m i s s i o n   in  t he   fo rm  o f  

a n i m a t e d   or  s t i l l   p i c t u r e s ,   t he   m i c r o p h o n e / s p e a k e r  

c o n t r o l l e r   c i r c u i t   612  i n t e r r u p t s   t he   t r a n s m i s s i o n   o f  

p i c t u r e   i n f o r m a t i o n   by  s a i d   h i g h   r a t e   t r a n s m i s s i o n   or  b y  

s a i d   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   t r a n s m i s s i o n .   By  a  

m i c r o p h o n e   713,   a  p h o n e t i c   c i r c u i t   715,   and  a  

m i c r o p h o n e / s p e a k e r   c o n t r o l l e r   c i r c u i t   712  in  t h e   r e c e i v e r ,  

a  c a l l i n g   v o i c e   f rom  t he   r e c e i v e r   i s   s e n t   to  a  p h o n e t i c  

c i r c u i t   615  and  a  s p e a k e r   614  w h i c h   i s   l o c a t e d   in  t h e  

n e i g h b o r h o o d   of  t he   image   p i c k u p   l a .   S a i d   s p e a k e r   6 1 4  

g i v e s   f o r t h   s a i d   c a l l i n g   v o i c e   f rom  t h e   r e c e i v e r   in  o r d e r  

to  c a l l   a f t e r   an  i n t r u d e r ,   w h e r e b y   t he   s p e a k e r   614  w i l l  

a t t r a c t   t he   i n t r u d e r ' s   a t t e n t i o n .   Then ,   u n d e r   the   c o n t r o l  

of  t h e   g r a d u a l   r e s o l v e r   c i r c u i t   607,   t h e   c u r r e n t   p i c t u r e  

f r a m e   b u f f e r   300  t a k e s   in  a  new  c u r r e n t   p i c t u r e   d a t a   w h i l e  

the   s p e a k e r   614  c a l l s   a f t e r   t he   i n t r u d e r   or  a f t e r   s a i d  

c a l l i n g ,   w h i c h   a r e   t r a n s m i t t e d   by  g r a d u a l   d i s t i n c t i o n  

i m p r o v e m e n t   t r a n s m i s s i o n   e t c .   in  an  i n s t r u c t e d   t r a n s m i s s i o n  

mode  d u r i n g   a  c o n s t a n t   p e r i o d   or  d u r i n g   a  c o n s t a n t   n u m b e r  

of  p i c t u r e s ,   w h e r e b y   t r a n s m i t t e d   p i c t u r e s   may  c a t c h  

a b n o r m a l   s i t u a t i o n s   s u c h   as  t he   i n t r u d e r ' s   f a c e   a c c u r a t e l y .  



When  t h e   t r a n s m i t t e r   r e c e i v e s   s a i d   i n s t r u c t i o n s   f o r  

m i c r o p h o n e   s o u n d   c a t c h i n g   f rom  t he   r e c e i v e r   in  t h e   c o u r s e  

of  i n f o r m a t i o n   t r a n s m i s s i o n   of  a  m o n i t o r e d   p i c t u r e   or   a  

c u r r e n t   p i c t u r e   d u r i n g   a  c o n s t a n t   p e r i o d   or   a t   t h e   t i m e   o f  

c h a n g e   d e t e c t i o n   by  o r d i n a r y   h i g h   r a t e   t r a n s m i s s i o n   or  b y  

g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   t r a n s m i s s i o n   in  t h e   fo rm  o f  

a n i m a t e d   or   s t i l l   p i c t u r e s ,   t h e   m i c r o p h o n e / s p e a k e r  

c o n t r o l l e r   c i r c u i t   612  i n t e r r u p t s   t he   t r a n s m i s s i o n   o f  

p i c t u r e   i n f o r m a t i o n   by  s a i d   h i g h   r a t e   t r a n s m i s s i o n   or   b y  

s a i d   g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t   t r a n s m i s s i o n .   T h e n ,  

s o u n d s   or   v o i c e s   f rom  t he   t r a n s m i t t e r   a r e   c o l l e c t e d   by  a  

m i c r o p h o n e   613  n e i g h b o r i n g   upon   t he   i m a g e   p i c k u p   la   and  a  

p h o n e t i c   c i r c u i t   615  of  t h e   t r a n s m i t t e r ,   and  m o n i t o r e d   b y  

t h e   m i c r o p h o n e / s p e a k e r   c o n t r o l l e r   c i r c u i t   712 ,   t h e   p h o n e t i c  

c i r c u i t   715 ,   and  t h e   s p e a k e r   714  of  t h e   r e c e i v e r .   T h e n ,  

u n d e r   t h e   c o n t r o l   of  t h e   g r a d u a l   r e s o l v e r   c i r c u i t   607 ,   t h e  

c u r r e n t   p i c t u r e   f r a m e   b u f f e r   300  t a k e s   in  new  c u r r e n t  

p i c t u r e   d a t a   w h i l e   t h e   m i c r o p h o n e   613  c o l l e c t s   s o u n d s   a n d  

v o i c e s   or   a f t e r   s a i d   c o l l e c t i o n   of  s o u n d s   and  v o i c e s ,   w h i c h  

a r e   t r a n s m i t t e d   by  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n   e t c .   in  an  i n s t r u c t e d   t r a n s m i s s i o n   mode  d u r i n g  

a  c o n s t a n t   p e r i o d   or   d u r i n g   a  c o n s t a n t   n u m b e r   or   p i c t u r e s ,  

w h e r e b y   c o m m u n i c a t i o n   w i t h   t he   i n t r u d e r   i s   a l l o w e d   by  b o t h  

t h e   v i s u a l   and  t he   a u d i t o r y   a i d s ,   w h i c h   makes   i t   p o s s i b l e  

to  r e c o g n i z e   a b n o r m a l   s t a t u s   a c c u r a t e l y   and  to   t a k e   p r o p e r  

c o u n t e r m e a s u r e s .  

F i g s .   33A  and  33B  i l l u s t r a t e   r e s p e c t i v e l y   an  e n c o d i n g  

c i r c u i t   and  a  d e c o d i n g   c i r c u i t ,   w h i c h   may  be  e m p l o y e d   i n  

t h e   p i c t u r e   c o m p r e s s o r   c i r c u i t   608  and  t h e   p i c t u r e   e x p a n d e r  

c i r c u i t   708  in  t he   p r e s e n t   e m b o d i m e n t .   The  i l l u s t r a t e d  

c i r c u i t s   a r e   s i m i l a r   to  t h o s e   d i s c l o s e d   in  F i g s .   23A  a n d  

23B  e x c e p t   t h a t   d a t a   b y - p a s s   l i n e s   Zl ,   Z2,  and  Z3  a r e  

p r o v i d e d .   When  t he   b y - p a s s   l i n e s   Zl  to  Z3  a r e   u t i l i z e d ,  

t h e   c h a n g e d   p i c t u r e   e l e m e n t s   a r e   t r a n s m i t t e d   by  t h e  

v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m .   I f   n e e d   be ,   t h e  

c h a n g e d   p i c t u r e   e l e m e n t   l i n e   b u f f e r   171  may  i n c l u d e   t h e  



same  d a t a   as  t h o s e   o b t a i n e d   a t   an  o u t p u t   of  t h e   z e r o  

p i c t u r e   e l e m e n t   /  z e r o   l i n e   c o m p r e s s o r   c i r c u i t   172 .   A t  

t h i s   o c c u r r e n c e ,   t he   z e r o   p i c t u r e   e l e m e n t   /  z e r o   l i n e  

c o m p r e s s e d   c h a n g e d   p i c t u r e   e l e m e n t s   a r e   t r a n s m i t t e d   by  t h e  

v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m .  

A  c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   c i r c u i t   330  in  F i g .  

33A  is   t he   same  as  t h a t   d i s c l o s e d   in  F i g .   23A,  w h e r e i n   t h e  

s t a n d a r d   v a l u e   R4  f o r   c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t   i s  

s e t   s m a l l e r   t h a n   t h e   s t a n d a r d   v a l u e   Rl  f o r   c h a n g e  

d e t e c t i o n ,   as  m e n t i o n e d   b e f o r e .   F i g .   34A  i l l u s t r a t e s   a  

c h a n g e d   r e g i o n   by  a  c h a i n   l i n e   w h i c h   i s   d e t e r m i n e d   by  t h e  

s t a n d a r d   v a l u e   R1.  F i g s .   34B  and  34C  i l l u s t r a t e   c h a n g e d  

p i c t u r e   e l e m e n t s   w h i c h   a r e   d e t e r m i n e d   by  t h e   s t a n d a r d   v a l u e  

R4.  I t   i s   c l e a r   f rom  t h e s e   i l l u s t r a t i o n s   t h a t   t h e   w h o l e  

a p p e a r a n c e   of  c h a n g e d   o b j e c t s   can  be  c a u g h t   i f   o n l y   t h e  

v a l u e s   R1  and  R4  a r e   s e t   p r o p e r l y .  

The  a b o v e   e m b o d i m e n t s   and  p a r t i c u l a r l y   t h e   d r a w i n g s   a r e  

s e t   f o r t h   f o r   p u r p o s e s   of  i l l u s t r a t i o n   o n l y .   I t   w i l l   b e  

u n d e r s t o o d   t h a t   many  v a r i a t i o n s   and  m o d i f i c a t i o n s   of  t h e  

e m b o d i m e n t s   h e r e i n   d e s c r i b e d   w i l l   be  o b v i o u s   to   t h o s e  

s k i l l e d   in  t h e   a r t   and  may  be  c a r r i e d   ou t   w i t h o u t   d e p a r t i n g  

f rom  t he   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n .  



















1.  A  v i s u a l   image   s e n s o r   s y s t e m   c o m p r i s i n g :  

means   f o r   m o n i t o r i n g   a  g i v e n   r e g i o n   and  g e n e r a t i n g  

m o n i t o r e d   p i c t u r e   d a t a ,  

means   f o r   m e m o r i z i n g   a  p l u r a l i t y   of  s t a n d a r d   p i c t u r e  

d a t a   i n c l u d i n g   n o r m a l   c h a n g e s   of  t he   m o n i t o r e d   p i c t u r e  

d a t a ,  

means   f o r   m e m o r i z i n g   one  or   more   s e l e c t i o n   s t a n d a r d s   f o r  

s e l e c t i n g   s t a n d a r d   p i c t u r e   d a t a   to  be  c o m p a r e d   w i t h   s a i d  

m o n i t o r e d   p i c t u r e   d a t a ,  

means   f o r   m e m o r i z i n g   one  or   more   j u d g m e n t   s t a n d a r d s   t o  

j u d g e   e x i s t e n c e   of  a  p i c t u r e   c h a n g e   by  s a i d   c o m p a r i s o n ,   a n d  

means   f o r   c o m p a r i n g   t h e   m o n i t o r e d   p i c t u r e   w i t h   a l l   t h e  

s t a n d a r d   p i c t u r e s   t h a t   a r e   s e l e c t e d   on  s a i d   s e l e c t i o n  

s t a n d a r d s   and  f o r   i s s u i n g   an  a l a r m   when  c h a n g e d   a m o u n t  

d e t e c t e d   by  s a i d   c o m p a r i s o n   i s   g r e a t e r   t h a n   s a i d   j u d g m e n t  

s t a n d a r d s .  

2.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 ,  

w h e r e i n   s a i d   s e l e c t i o n   s t a n d a r d s   c o m p r i s e   t i m e   r a n g e s   a n d  

p r e d e t e r m i n e d   l i g h t   i n t e n s i t y   r a n g e s   in  t he   m o n i t o r e d  

r e g i o n ,   s a i d   s t a n d a r d   p i c t u r e   d a t a   f o r   c o m p a r i s o n   b e i n g  

s e l e c t e d   s u c h   t h a t   c u r r e n t   t i m e   and  c u r r e n t   l i g h t   i n t e n s i t y  

of  t h e   m o n i t o r e d   r e g i o n   a r e   r e s p e c t i v e l y   w i t h i n   t h e   t i m e  

r a n g e   and  t h e   l i g h t   i n t e n s i t y   r a n g e   of  s a i d   s e l e c t e d  

s t a n d a r d   p i c t u r e   d a t a .  

3.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 ,  

w h e r e i n   s a i d   s t a n d a r d   p i c t u r e   d a t a   a r e   r e n e w e d   when  a  

d i f f e r e n c e   b e t w e e n   t h e   s t a n d a r d   p i c t u r e   d a t a   and  t h e  

m o n i t o r e d   p i c t u r e   d a t a   a t   a  c o n s t a n t   i n t e r v a l   i s   b e l o w   a  

p r e d e t e r m i n e d   l e v e l .  

4.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   3 ,  

w h e r e i n   s a i d   s t a n d a r d   p i c t u r e   d a t a   to  be  r e n e w e d   a r e  

r e p l a c e d   by  a v e r a g e   d a t a   of   a  p l u r a l i t y   of  p r e v i o u s   p i c t u r e  



d a t a .  

5.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 ,  

i n c l u d i n g :  

l i n e   d r a w i n g   g e n e r a t i n g   means   f o r   g e n e r a t i n g   l i n e  

d r a w i n g   d a t a   as  s t a n d a r d   p i c t u r e s   f o r   t h e   m o n i t o r e d   p i c t u r e  

on  t he   b a s i s   of  c o n t o u r s   and  e d g e s   i n c l u d e d   in  t h e   n o r m a l  

s t a n d a r d   p i c t u r e   d a t a ,  

l i n e   d e s i g n a t i n g   means   f o r   d e s i g n a t i n g   i m p o r t a n t   l i n e s  

among  s a i d   l i n e   d r a w i n g   as  a  s t a n d a r d   d a t a   f o r   c h a n g e  

d e t e c t i o n   j u d g m e n t   of  t h e   l i n e   d r a w i n g ,   a n d  

j u d g i n g   means   f o r   j u d g i n g   a  c h a n g e   to  be  e x i s t e n t   w h e n  

s a i d   i m p o r t a n t   l i n e s   a r e   c o n c e a l e d   to  a  p r e d e t e r m i n e d  

e x t e n t .  

6.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 ,  

i n c l u d i n g   a  f l a m y / n o n - f l a m y   a b n o r m a l i t y   d i s c r i m i n a t o r   m e a n s  

c o m p r i s i n g ,   in  c o m b i n a t i o n :  

means   f o r   i l l u m i n a t i n g   an  o b j e c t   w i t h i n   t h e   m o n i t o r e d  

r e g i o n ,  

means   f o r   m e m o r i z i n g   in  a d v a n c e   n o r m a l   s t a n d a r d   p i c t u r e s  

w i t h   and  w i t h o u t   s a i d   i l l u m i n a t i o n   by  s w i t c h i n g   s a i d  

i l l u m i n a t i o n   on  and  o f f   when  t h e r e   i s   no  a b n o r m a l i t y ,  

means   f o r   t a k i n g   m o n i t o r e d   p i c t u r e s   w i t h   and  w i t h o u t  

s a i d   i l l u m i n a t i o n   by  s w i t c h i n g   s a i d   i l l u m i n a t i o n   on  a n d  

o f f ,   a n d  

means   f o r   g e n e r a t i n g   a  n o n - f l a m y   a b n o r m a l i t y   d e t e c t i o n  

s i g n a l   when  a  c h a n g e   is   d e t e c t e d   o n l y   in  s a i d   m o n i t o r e d  

p i c t u r e   w i t h   s a i d   i l l u m i n a i t o n   and  g e n e r a t i n g   a  f l a m y  

a b n o r m a l i t y   d e t e c t i o n   s i g n a l   when  c h a n g e s   a r e   d e t e c t e d   i n  

b o t h   of  s a i d   m o n i t o r e d   p i c t u r e s   w i t h   and  w i t h o u t   s a i d  

i l l u m i n a t i o n .  

7.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   1 ,  

i n c l u d i n g :  

means   f o r   g e n e r a t i n g   m e n a c i n g   sound   a n d / o r   l i g h t   when  a  



c h a n g e   o c c u r s   w i t h i n   a  p r e d e t e r m i n e d   v i g i l a n c e   r e g i o n   o f  

t h e   m o n i t o r e d   p i c t u r e ,   a n d  

means   f o r   j u d g i n g   a l a r m   l e v e l s   by  t he   p o s i t i o n s   of  t h e  

c h a n g e d   o b j e c t   a f t e r   s a i d   m e n a c i n g .  

8.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   7 ,  

w h e r e i n   s a i d   a l a r m   l e v e l   i s   s e t   a t   t h e   min imum  when  t h e  

c h a n g e d   o b j e c t   i s   e x t i n g u i s h e d   a f t e r   s a i d   m e n a c i n g ,   in  t h e  

m i d d l e   when  t he   c h a n g e d   o b j e c t   d o e s   n o t   move,   and  a t   t h e  

maximum  when  the   c h a n g e d   o b j e c t   moves   i n t o   a  r e g i o n   of  a  

h i g h e r   v i g i l a n c e   l e v e l .  

9.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in   c l a i m   1 ,  

i n c l u d i n g   means   f o r   t r a n s m i t t i n g   t h e   m o n i t o r e d   p i c t u r e   a t  

t h e   t i m e   of  c h a n g e   d e t e c t i o n   t h r o u g h   a  n a r r o w - b a n d   c h a n n e l  

a f t e r   i n f o r m a t i o n   c o m p r e s s i o n .  

10.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 ,  

w h e r e i n   o n l y   a  c h a n g e d   r e g i o n   of  a  m o n i t o r e d   p i c t u r e   i s  

t r a n s m i t t e d .  

11.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

9,  w h e r e i n   s a i d   c h a n g e d   r e g i o n   i s   d e t e r m i n e d   by  a  c h a n g e  

d e t e c t o r   means   c o m p r i s i n g ,   in  c o m b i n a t i o n :  

means   f o r   c a l c u l a t i n g   a b s o l u t e   v a l u e s   of  d i f f e r e n c e s  

b e t w e e n   p i c t u r e   e l e m e n t s   of  t he   c u r r e n t   p i c t u r e   m o n i t o r e d  

and  of  t h e   s t a n d a r d   p i c t u r e ,  

means   f o r   c a l c u l a t i n g   p r o j e c t e d   v a l u e s   upon  X  a x i s   and  Y 

a x i s   by  summing   up  s a i d   a b s o l u t e   v a l u e s   on  l i n e s  

p e r p e n d i c u l a r   to  t h e   r e s p e c t i v e   a x e s ,  

means   f o r   d e t e c t i n g   maximum  v a l u e s   and  min imum  v a l u e s   o f  

X  c o o r d i n a t e   and  Y  c o o r d i n a t e   in  w h i c h   s a i d   p r o j e c t e d  

v a l u e s   a r e   g r e a t e r   t h a n   a  s t a n d a r d   v a l u e   f o r   p r o j e c t i o n  

i n t e n s i t y   j u d g m e n t ,   a n d  

means   f o r   j u d g i n g   a  c h a n g e   to  be  e x i s t e n t   when  t h e   s i z e  

of   a  r e c t a n g u l a r   r e g i o n   d e t e r m i n e d   by  s a i d   min imum  a n d  



maximum  v a l u e s   i s   g r e a t e r   t h a n   a  s t a n d a r d   v a l u e   f o r  

p r o j e c t i o n   s i z e   j u d g m e n t .  

12.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

9,  w h e r e i n   s a i d   c h a n g e d   r e g i o n   i s   d e t e r m i n e d   by  a  c h a n g e  
d e t e c t o r   means   c o m p r i s i n g ,   in  c o m b i n a t i o n :  

means   f o r   c a l c u l a t i n g   a b s o l u t e   v a l u e s   of  d i f f e r e n c e s  

b e t w e e n   p i c t u r e   e l e m e n t s   of  t h e   c u r r e n t   p i c t u r e   m o n i t o r e d  

and  of  t h e   s t a n d a r d   p i c t u r e ,  

means   f o r   e x a m i n i n g   c h a n g e   m a g n i t u d e   of  t h e   r e s p e c t i v e  

p i c t u r e   e l e m e n t s   w h i c h   makes   s a i d   a b s o l u t e   v a l u e s   z e r o   w h e n  

s a i d   a b s o l u t e   v a l u e s   a r e   s m a l l e r   t h a n   a  s t a n d a r d   v a l u e   f o r  

c h a n g e   d e t e c t i o n   j u d g m e n t   of  p i c t u r e   e l e m e n t s   w h e r e i n   a  

p i c t u r e   e l e m e n t   c h a n g e   can  be  j u d g e d   to  be  v a l i d ,  

means   f o r   c a l c u l a t i n g   p r o j e c t e d   v a l u e s   upon   X  a x i s   and  Y 

a x i s   by  summing   up  s a i d   e x a m i n e d   a b s o l u t e   v a l u e s   on  l i n e s  

p e r p e n d i c u l a r   to  t he   r e s p e c t i v e   a x e s ,  

means   f o r   d e t e c t i n g   maximum  v a l u e s   and  min imum  v a l u e s   o f  

X  c o o r d i n a t e   and  Y  c o o r d i n a t e   in  w h i c h   s a i d   p r o j e c t e d  

v a l u e s   a r e   g r e a t e r   t h a n   a  s t a n d a r d   v a l u e   f o r   p r o j e c t i o n  

i n t e n s i t y   j u d g m e n t ,   a n d  

means   f o r   j u d g i n g   a  c h a n g e   to  be  e x i s t e n t   when  t he   s i z e  

of  a  r e c t a n g u l a r   r e g i o n   d e t e r m i n e d   by  s a i d   min imum  a n d  

maximum  v a l u e s   i s   g r e a t e r   t h a n   a  s t a n d a r d   v a l u e   f o r  

p r o j e c t i o n   s i z e   j u d g m e n t .  

13.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 

or  10,  s a i d   p i c t u r e   i n f o r m a t i o n   is   t r a n s m i t t e d   t h r o u g h  

e x c h a n g e   c o m m u n i c a t i o n   n e t w o r k s   by  a u t o m a t i c a l l y   d i a l i n g   a  

t e l e p h o n e   c o m m u n i c a t i o n   m e a n s .  

14.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

10,  w h e r e i n   t r a n s m i t t e d   p i c t u r e   i n f o r m a t i o n   of  a  c h a n g e d  

r e g i o n   i s   r e s t o r e d   and  c o n v e r t e d   i n t o   a  c o n s t a n t   s i z e  

n o r m a l i z e d   p i c t u r e   f r a m e .  



15.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

10,  w h e r e i n   a  n o r m a l i z e d   p i c t u r e   f r a m e   of  a  c h a n g e d   r e g i o n  

is   t r a n s m i t t e d .  

16.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

9,  w h e r e i n   l i n e   d r a w i n g   d a t a   c o m p r i s i n g   c o n t o u r s   and  e d g e s  

of   t he   m o n i t o r e d   p i c t u r e   a r e   t r a n s m i t t e d   b e f o r e  

t r a n s m i t t i n g   t he   p i c t u r e   d a t a .  

17.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

16,  w h e r e i n   l i n e   d r a w i n g   d a t a   of   a  new  c h a n g e   a r e  

t r a n s m i t t e d   i n s t e a d   of  a  p r e v i o u s   p i c t u r e   d a t a   when  s a i d  

new  c h a n g e   o c c u r s   w h i l e   s a i d   p r e v i o u s   p i c t u r e   d a t a   a r e  

b e i n g   t r a n s m i t t e d .  

18.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in   c l a i m   9 

or   10,  w h e r e i n   s a i d   p i c t u r e   i n f o r m a t i o n   i s   t r a n s m i t t e d   by  a  

v a r i a b l e   s a m p l i n g   r a t e   c o d i n g   s y s t e m   of  l i n e - t o - l i n e  

p r e d i c t i o n   r e s i d u a l s .  

19.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 

or  10,  w h e r e i n   s a i d   p i c t u r e   i n f o r m a t i o n   i s   t r a n s m i t t e d   by  a  

DPCM  s y s t e m   of  l i n e - t o - l i n e   p r e d i c t i o n   r e s i d u a l s .  

20.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

18,  w h e r e i n   a  s a m p l i n g   r a t e   i s   r e d u c e d   in  c h a n g e l e s s  

p o r t i o n s   in  a c c o r d a n c e   w i t h   a  p r e d e t e r m i n e d   r e l a t i o n s h i p  

b e t w e e n   q u a n t i z a t i o n   v a l u e s   and  s a m p l i n g   i n t e r v a l s   o f  

s a m p l e s   of  a  p r e d i c t i o n   r e s i d u a l   s i g n a l ,   s a i d   q u a n t i z a t i o n  

v a l u e s   of  d i f f e r e n t   s a m p l i n g   i n t e r v a l s   b e i n g   o v e r l a p p e d ,  

w h e r e b y   s a i d   p r e d e t e r m i n e d   r e l a t i o n s h i p   c o r r e s p o n d s   to  a  

c o m b i n a t i o n   of  s a i d   q u a n t i z a t i o n   v a l u e s   and  s a i d   s a m p l i n g  

i n t e r v a l s .  

21.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

20,  w h e r e i n   a  min imum  q u a n t u m   of  s a m p l e s   i s   m u l t i p l i e d   by  a  



p r e d e t e r m i n e d   v a l u e   a t   an  i n p u t   of  a  p r e d i c t o r ,   a  mimimum 

q u a n t u m   of  q u a n t i z a t i o n   c h a r a c t e r i s t i c   b e i n g   g r e a t e r   t h a n  

t h e   o r i g i n a l   min imum  q u a n t u m   of  s a m p l e s   and  s m a l l e r   t h a n   a  

m u l t i p l i e d   v a l u e   of  an  o r i g i n a l   p e r m i s s i b l e   a m p l i t u d e   e r r o r  
of  s a i d   s a m p l e .  

22.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

10,  i n c l u d i n g :  

means   f o r   c a l c u l a t i n g   f r a m e - t o - f r a m e   r e s i d u a l s   w h i c h   a r e  

e r r o r s   b e t w e e n   c u r r e n t   p i c t u r e   f r a m e   d a t a   and  p r e d i c t e d  
v a l u e s   b a s e d   on  a  p r e v i o u s   p i c t u r e   f r a m e   a l r e a d y  

t r a n s m i t t e d ,  

means   f o r   d i s c r i m i n a t i n g   c h a n g e d   p i c t u r e   e l e m e n t s   w h i c h  

a r e   g r e a t e r   t h a n   a  c h a n g e d   p i c t u r e   e l e m e n t   j u d g m e n t  

s t a n d a r d   v a l u e   s m a l l e r   t h a n   s a i d   s t a n d a r d   v a l u e   f o r   c h a n g e  
d e t e c t i o n   j u d g m e n t   of  p i c t u r e   e l e m e n t s   f r o m   z e r o   p i c t u r e  

e l e m e n t s   w h i c h   a r e   no t   g r e a t e r   t h a n   s a i d   c h a n g e d   p i c t u r e  

e l e m e n t   j u d g m e n t   s t a n d a r d   v a l u e ,  

means   f o r   s e t t i n g   v a l u e s   of  s a i d   z e r o   p i c t u r e   e l e m e n t s  

at   z e r o ,   a n d  

means   f o r   t r a n s m i t t i n g   s a i d   c h a n g e d   p i c t u r e   e l e m e n t s .  

23.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  i n c l u d i n g :  

means   f o r   e l i m i n a t i n g   s o l i t a r y   z e r o   p i c t u r e   e l e m e n t s  

among  c h a n g e d   p i c t u r e   e l e m e n t s   by  c o n v e r t i n g   a  few  z e r o  

p i c t u r e   e l e m e n t s   s u r r o u n d e d   by  c h a n g e d   p i c t u r e   e l e m e n t s  

i n t o   c h a n g e d   p i c t u r e   e l e m e n t s ,   a n d  

means   f o r   e l i m i n a t i n g   s o l i t a r y   c h a n g e d   p i c t u r e   e l e m e n t s  

among  z e r o   p i c t u r e   e l e m e n t s   by  c o n v e r t i n g   a  few  c h a n g e d  

p i c t u r e   e l e m e n t s   s u r r o u n d e d   by  z e r o   p i c t u r e   e l e m e n t s   i n t o  

z e r o   p i c t u r e   e l e m e n t s .  

24.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  w h e r e i n   s a i d   t r a n s m i t t e d   c h a n g e d   p i c t u r e   e l e m e n t s   a r e  

the   f r a m e - t o - f r a m e   r e s i d u a l s .  



25.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  w h e r e i n   s a i d   t r a n s m i t t e d   c h a n g e d   p i c t u r e   e l e m e n t s   a r e  

t h e   p i c t u r e   e l e m e n t s   of  t h e   c u r r e n t   p i c t u r e   f r a m e .  

26.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  w h e r e i n   s a i d   z e r o   p i c t u r e   e l e m e n t s   a r e   t r a n s m i t t e d   in  a  

c o d e d   fo rm  s h o w i n g   t he   n u m b e r   of  t he   z e r o   p i c t u r e   e l e m e n t s  

and  t h e   n u m b e r   of  z e r o   l i n e s   in  w h i c h   a l l   t he   p i c t u r e  

e l e m e n t s   a r e   t he   z e r o   p i c t u r e   e l e m e n t s ,   s a i d   c h a n g e d  

p i c t u r e   e l e m e n t s   b e i n g   t r a n s m i t t e d   in  an  o r i g i n a l   f o r m  

s h o w i n g   p i c t u r e   e l e m e n t   v a l u e s ,   t h e   c u r r e n t   p i c t u r e   f r a m e  

v a l u e s   b e i n g   r e p l a c e d   by  t h e   p r e d i c t e d   p i c t u r e   f r a m e   v a l u e s  

of  s a i d   c h a n g e d   p i c t u r e   e l e m e n t s .  

27.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,   w h e r e i n   s a i d   c h a n g e d   p i c t u r e   e l e m e n t   i s   t r a n s m i t t e d   a s  

an  i n i t i a l   v a l u e   of  p r e d i c t i o n   in  t r a n s i t i o n   f rom  the   z e r o  

p i c t u r e   e l e m e n t   to  t he   c h a n g e d   p i c t u r e   e l e m e n t ,   s a i d   z e r o  

p i c t u r e   e l e m e n t   b e i n g   t r a n s m i t t e d   as  a  t e r m i n a t e   v a l u e   o f  

p r e d i c t i o n   in  t r a n s i t i o n   f rom  t h e   c h a n g e d   p i c t u r e   e l e m e n t  

to  t h e   z e r o   p i c t u r e   e l e m e n t .  

28.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in   c l a i m  

22,   w h e r e i n   t h e   n u m b e r   of  z e r o   c o d e s   m e a n i n g   t h a t   t h e  

c h a n g e d   p i c t u r e   e l e m e n t s   a r e   z e r o   and  the   n u m b e r   of  z e r o  

l i n e s   m e a n i n g   t h a t   a l l   t h e   p i c t u r e   e l e m e n t s   a r e   z e r o   c o d e s  

a r e   t r a n s m i t t e d   in  a  c o d e d   f o r m .  

29.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,   w h e r e i n   a  p r e d i c t i o n   c o e f f i c i e n t   of  a  f r a m e - t o - f r a m e  

p r e d i c t o r   c i r c u i t   i s   s e l e c t a b l e .  

30.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  w h e r e i n   s a i d   f r a m e - t o - f r a m e   r e s i d u a l s   a r e   c o m p r e s s e d   b y  

a  q u a n t i z a t i o n   c h a r a c t e r i s t i c   whose   c o m p r e s s i o n   r a t e   i s  



s u c h   t h a t   a  g e n e r a l   o u t l i n e   of  a  c h a n g e d   p o r t i o n   of  t h e  

p i c t u r e   is   r e c o g n i z a b l e ,   a  w r i t i n g   o p e r a t i o n   i n t o   a  c u r r e n t  

p i c t u r e   f r a m e   b u f f e r   f o r   r e n e w a l   of  t he   c u r r e n t   p i c t u r e  

b e i n g   i n h i b i t e d   to  f i x   p i c t u r e   d a t a   w i t h i n   t h e   c u r r e n t  

p i c t u r e   f r a m e   b u f f e r   as  t h e   c u r r e n t   p i c t u r e   f r a m e   b y  

i n s t r u c t i o n s   f rom  a  r e c e i v e r ,   t h e   f r a m e - t o - f r a m e   r e s i d u a l s  

b e t w e e n   s a i d   f i x e d   c u r r e n t   p i c t u r e   f r a m e   and  p r e d i c t e d  

v a l u e s   b a s e d   on  t h e   p r e v i o u s   p i c t u r e   f r a m e   a l r e a d y  

t r a n s m i t t e d   b e i n g   t r a n s m i t t e d   r e p e a t e d l y   a f t e r   i n f o r m a t i o n  

c o m p r e s s i o n   by  q u a n t i z a t i o n   c h a r a c t e r i s t i c   of  a  l o w e r  

c o m p r e s s i o n   r a t e ,   w h e r e b y   the   p r e d i c t e d   v a l u e   a p p r o a c h e s  

t he   a c t u a l   v a l u e   and  d i s t i n c t i o n   i s   i m p r o v e d   g r a d u a l l y .  

31.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

22,  w h e r e i n   c h a n g e d   a m o u n t   of  t h e   f r a m e - t o - f r a m e   r e s i d u a l s  

i s ,   when  i t   is   l a r g e ,   r e d u c e d   by  m a k i n g   a  s p a t i a l   f i l t e r  

f o r   a v e r a g i n g   a c t   upon  s a i d   f r a m e - t o - f r a m e   r e s i d u a l s   b e f o r e  

t r a n s m i s s i o n .  

32.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

31,  w h e r e i n   s a i d   s p a t i a l   f i l t e r   i s   s e l e c t a b l e   a n d  

r e p e a t e d l y   o p e r a b l e .  

33.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

31,  w h e r e i n   low  f r e q u e n c y   i n g r e d i e n t s   of  t he   f r a m e - t o - f r a m e  

r e s i d u a l s   a r e   f i r s t l y   t r a n s m i t t e d   by  s e t t i n g   a  p r e v i o u s  

p i c t u r e   f r a m e   d a t a   a l r e a d y   t r a n s m i t t e d   a t   z e r o   and  b y  

m a k i n g   a  f i r s t   s p a t i a l   f i l t e r   h a v i n g   a  h i g h e r   a v e r a g i n g  

a b i l i t y   a c t   upon  t h e   c u r r e n t   p i c t u r e   f r a m e   b e f o r e  

t r a n s m i s s i o n ,   h i g h   f r e q u e n c y   i n g r e d i e n t s   of  the   f r a m e - t o -  

f r a m e   r e s i d u a l s   b e i n g   s e c o n d l y   t r a n s m i t t e d   by  m a k i n g   a  

s e c o n d   s p a t i a l   f i l t e r   h a v i n g   a  l o w e r   a v e r a g i n g   a b i l i t y   a c t  

upon  the   s u c c e e d i n g   c u r r e n t   p i c t u r e   f r a m e s ,   w h e r e b y   t h e  

p r e d i c t e d   v a l u e   a p p r o a c h e s   t he   a c t u a l   v a l u e   and  d i s t i n c t i o n  

is   i m p r o v e d   g r a d u a l l y .  



34.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

9,  i n c l u d i n g :  

means   f o r   g e n e r a t i n g   r o u g h   p i c t u r e   e l e m e n t s   w h i c h   a r e  

r o u g h l y   t h i n n e d   ou t   a t   a  c o n s t a n t   s p a c e ,  

means   f o r   c a l c u l a t i n g   f r a m e - t o - f r a m e   r e s i d u a l s   w h i c h   a r e  

e r r o r s   b e t w e e n   c u r r e n t   p i c t u r e   f r a m e   d a t a   and  p r e d i c t e d  

v a l u e s   b a s e d   on  a  p r e v i o u s   p i c t u r e   f r a m e   a l r e a d y  

t r a n s m i t t e d ,  

means   f o r   d i s c r i m i n a t i n g   c h a n g e d   r o u g h   p i c t u r e   e l e m e n t s  

w h i c h   a r e   g r e a t e r   t h a n   a  c h a n g e d   r o u g h   p i c t u r e   e l e m e n t  

j u d g m e n t   s t a n d a r d   v a l u e   s m a l l e r   t h a n   a  s t a n d a r d   v a l u e   f o r  

c h a n g e   d e t e c t i o n   j u d g m e n t   of  r o u g h   p i c t u r e   e l e m e n t s   f r o m  

z e r o   r o u g h   p i c t u r e   e l e m e n t s   w h i c h   a r e   no t   g r e a t e r   t h a n   s a i d  

c h a n g e d   r o u g h   p i c t u r e   e l e m e n t   j u d g m e n t   s t a n d a r d   v a l u e ,  

means   f o r   s e t t i n g   v a l u e s   of  s a i d   z e r o   r o u g h   p i c t u r e  

e l e m e n t s   a t   z e r o ,  

means   f o r   t r a n s m i t t i n g   s a i d   c h a n g e d   r o u g h   p i c t u r e  

e l e m e n t s ,   a n d  

means   f o r   i n t e r p o l a t i n g   s a i d   c h a n g e d   r o u g h   p i c t u r e  

e l e m e n t s ,  

s a i d   i n t e r p o l a t i o n   b e i n g   c a r r i e d   o u t ,   o n l y   when  r o u g h l y  

t h i n n e d   ou t   a d j o i n i n g   p i c t u r e   e l e m e n t   l a t t i c e s   a r e   c h a n g e d  

p i c t u r e   e l e m e n t s ,   w i t h i n   a  s e c t i o n   i n c l u d i n g   s a i d   a d j o i n i n g  

l a t t i c e s   of  c h a n g e d   p i c t u r e   e l e m e n t s .  

35.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

34,  w h e r e i n   s a i d   i n t e r p o l a t i o n   i s   f u r t h e r   c a r r i e d   o u t  

w i t h i n   a  s e c t i o n   i n c l u d i n g   s a i d   c h a n g e d   r o u g h   p i c t u r e  

e l e m e n t s   and  z e r o   r o u g h   p i c t u r e   e l e m e n t s   of  s a i d   r o u g h  

l a t t i c e s   a d j o i n i n g   t h e r e t o .  

36.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in   c l a i m  

34,  w h e r e i n   s a i d   c h a n g e d   r o u g h   p i c t u r e   e l e m e n t   i s  

t r a n s m i t t e d   as  s a i d   f r a m e - t o - f r a m e   r e s i d u a l s ,   t h e   v a l u e s   o f  

t h e   p r e d i c t e d   p i c t u r e   e l e m e n t s   w i t h i n   t h e   c o r r e s p o n d i n g  

s e c t i o n   of  s a i d   c h a n g e d   r o u g h   p i c t u r e   e l e m e n t s   b e i n g  



i n t e r p o l a t e d   by  t he   p i c t u r e   e l e m e n t   v a l u e s   of  s a i d  

p r e d i c t e d   p i c t u r e   at   t h e   p o s i t i o n s   of  s a i d   c h a n g e d   r o u g h  

p i c t u r e   e l e m e n t s ,   and  b e i n g   a d d e d   to  s a i d   i n t e r p o l a t d  

v a l u e s   of  the   f r a m e - t o - f r a m e   r e s i d u a l s ,   w h e r e b y   a  p r e d i c t e d  

p i c t u r e   is   i n t e r p o l a t e d   and  r e s t o r e d .  

37.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 ,  

w h e r e i n   p i c t u r e   i n f o r m a i t o n   of  the   m o n i t o r e d   p i c t u r e   i s  

r a p i d l y   t r a n s m i t t e d   by  p i c t u r e   i n f o r m a t i o n   of  a  r o u g h  

p i c t u r e   whose   l a t t i c e   i s   r o u g h e r   t h a n   a  s a m p l i n g   l a t t i c e  

and  s u c h   t h a t   a  g e n e r a l   o u t l i n e   of  a  c h a n g e d   p o r t i o n   of  t h e  

p i c t u r e   i s   r e c o g n i z a b l e ,   s a i d   r o u g h   p i c t u r e   b e i n g  

i n t e r p o l a t e d   in  t h e   r e c e i v e r   to  i n d i c a t e   t h e   same  a n d  

w h e r e i n   a  f i n e   c u r r e n t   p i c t u r e   f r a m e   is   t r a n s m i t t e d   a f t e r  

i n f o r m a t i o n   c o m p r e s s i o n   by  i n s t r u c t i o n s   f rom  t h e   r e c e i v e r  

to  make  p i c t u r e s   f i n e ,   w h e r e b y   d i s t i n c t i o n   of  t h e  

t r a n s m i t t e d   p i c t u r e s   a r e   g r a d u a l l y   i m p r o v e d .  

38.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

9,  w h e r e i n   s a i d   t r a n s m i s s i o n   of  t he   m o n i t o r e d   p i c t u r e   i s ,  

on  r e c e i v i n g   s k i p   i n s t r u c t i o n s   f rom  a  r e c e i v e r ,   i n t e r r u p t e d  

and  r e p l a c e d   by  a  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n   of  a  new  c u r r e n t   p i c t u r e   f r a m e .  

39.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 ,  

w h e r e i n   s a i d   t r a n s m i s s i o n   of  t he   m o n i t o r e d   p i c t u r e   i s ,   o n  

r e c e i v i n g   s n a p   i n s t r u c t i o n s   f rom  a  r e c e i v e r ,   i n t e r r u p t e d  

and  r e p l a c e d   by  a  g r a d u a l   d i s t i n c t i o n   i m p r o v e m e n t  

t r a n s m i s s i o n   of  a  new  c u r r e n t   p i c t u r e   f r a m e   d u r i n g   a  

c o n s t a n t   p e r i o d .  

40.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 ,  

i n c l u d i n g   a  s p e a k e r   in  a  t r a n s m i t t e r ,   w h e r e i n   s a i d  

t r a n s m i s s i o n   of  t he   m o n i t o r e d   p i c t u r e   i s ,   on  r e c e i v i n g  

i n s t r u c t i o n s   f o r   c a l l i n g   by  t he   s p e a k e r   f rom  a  r e c e i v e r ,  

i n t e r r u p t e d   and  r e p l a c e d   by  a  g r a d u a l   d i s t i n c t i o n  



i m p r o v e m e n t   t r a n s m i s s i o n   of  a  new  c u r r e n t   p i c t u r e   f r a m e  

c o r r e s p o n d i n g   to  s a i d   s p e a k e r   c a l l i n g   d u r i n g   a  c o n s t a n t  

p e r i o d .  

41.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m   9 ,  

i n c l u d i n g   a  m i c r o p h o n e   in  a  t r a n s m i t t e r ,   w h e r e i n   s a i d  

t r a n s m i s s i o n   of  t he   m o n i t o r e d   p i c t u r e   i s ,   on  r e c e i v i n g  

i n s t r u c t i o n s   f o r   l i s t e n i n g   by  t he   m i c r o p h o n e   f rom  a  

r e c e i v e r ,   i n t e r r u p t e d   and  r e p l a c e d   by  a  g r a d u a l   d i s t i n c t i o n  

i m p r o v e m e n t   t r a n s m i s s i o n   of  a  new  c u r r e n t   p i c t u r e   f r a m e  

c o r r e s p o n d i n g   to  s a i d   m i c r o p h o n e   l i s t e n i n g   d u r i n g   a  

c o n s t a n t   p e r i o d .  

42.   A  v i s u a l   i m a g e   s e n s o r   s y s t e m   c o m p r i s i n g :  

means   f o r   m o n i t o r i n g   a  g i v e n   r e g i o n   and  g e n e r a t i n g  

m o n i t o r e d   p i c t u r e   d a t a ,  

m e a n s   f o r   m e m o r i z i n g   a  p l u r a l i t y   of  p i c t u r e   d a t a  

i n c l u d i n g   a b n o r m a l   s i t u a t i o n s   as  s t a n d a r d   p i c t u r e s   f o r   t h e  

m o n i t o r e d   p i c t u r e ,  

means   f o r   c o m p a r i n g   t he   m o n i t o r e d   p i c t u r e   d a t a   w i t h   s a i d  

m e m o r i z e d   p i c t u r e   d a t a   to  i d e n t i f y   a  c h a n g e d   o b j e c t ,  

m e a n s   f o r   m e m o r i z i n g   j u d g m e n t   s t a n d a r d   v a l u e s   f o r  

j u d g i n g   s i z e s   and  p o s i t i o n s   of  c h a n g e d   o b j e c t s   f o r   t h e  

r e s p e c t i v e   p i c t u r e   d a t a   m e m o r i z e d ,  

means   f o r   c o m p a r i n g   s a i d   i d e n t i f i e d   p i c t u r e d   d a t a   w i t h  

t he   m o n i t o r e d   p i c t u r e   in  a c c o r d a n c e   w i t h   s a i d   j u d g m e n t  

s t a n d a r d   v a l u e s   to  i s s u e   an  a l a r m   when  a  c h a n g e   is   j u d g e d  

to  be  a b n o r m a l   as  a  r e s u l t   of  s a i d   c o m p a r i s o n .  

43.  The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

42,  i n c l u d i n g   means   f o r   t r a n s m i t t i n g   t he   m o n i t o r e d   p i c t u r e  

at   t he   t i m e   of  a b n o r m a l   c h a n g e   d e t e c t i o n   t h r o u g h   a  n a r r o w -  

band   c h a n n e l   a f t e r   i n f o r m a t i o n   c o m p r e s s i o n .  

44.  The  v i s u a l   i m a g e   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

42,  i n c l u d i n g :  



a  k n o w l e d g e   b a s e   m e m o r i z i n g   r e s i s t e r e d   p a t t e r n s   t h a t  

i n c l u d e   n o r m a l   s t a n d a r d   p i c t u r e   d a t a   and  a  v a r i e t y   o f  

p a t t e r n s   of  a b n o r m a l   s i t u a t i o n s   in  l i n e   d r a w i n g s   c h a n g e d  

f r o m   s a i d   p i c t u r e   d a t a   and  t h a t   a r e   e x p r e s s e d   in  c l a s s e d  

l i s t - f o r m e d   m o d e l s   i n c l u d i n g   n u m e r i c a l   d a t a   w h i c h   a r e   b a s e d  

on  c o m p r e h e n s i o n   r e l a t i o n s h i p   of  f e a t u r e s   of  e s s e n t i a l   a n d  

f u n d a m e n t a l   e l e m e n t s   and  on  a n a l y z e d   s t r u c t u r e   e x p r e s s e d   b y  

c o n n e c t i o n   r e l a t i o n s h i p   b a s e d   on  p h y s i c a l   r u l e s ,  

means   f o r   i d e n t i f i n g   t h e   c h a n g e d   o b j e c t   by  i n f e r r i n g  

f rom  and  s e a r c h i n g   s a i d   k n o w l e d g e   b a s e ,  

means   f o r   g e n e r a t i n g   c u r r e n t   p i c t u r e   p a t t e r n   d a t a  

d e s c r i b i n g   m o n i t o r e d   s c e n e s   by  j u d g i n g   a  p o s i t i o n   and  a  

s i z e   of  t h e   c h a n g e d   o j b e c t   in  a c c o r d a n c e   w i t h   r e s t r i c t i o n  

c o n d i t i o n s   a t t e n d a n t   on  s a i d   m o d e l s   in  t h e   k n o w l e d g e   b a s e ,  

means   f o r   d e t e c t i n g   t h e   m o t i o n   of  and  t h e   m o v i n g  

d i r e c t i o n   of  t h e   c h a n g e d   o b j e c t   by  i d e n t i f i n g   t h e   c h a n g e d  

o b j e c t   on  a  s u c c e s s i o n   of  s a i d   g e n e r a t e d   p a t t e r n   d a t a ,   a n d  

means   f o r   d i s c r i m i n a t i n g   a b n o r m a l   c o n d i t i o n s   f rom  n o r m a l  

c o n d i t i o n s   in  a c c o r d a n c e   w i t h   j u d g m e n t   s t a n d a r d s   c o m p r i s i n g  

s h a p e s ,   s i z e s ,   p o s i t i o n s ,   and  m o v i n g   d i r e c t i o n s   of  t h e  

c h a n g e d   o b j e c t .  

45.   The  v i s u a l   image   s e n s o r   s y s t e m   as  s e t   f o r t h   in  c l a i m  

44,   w h e r e i n   s a i d   k n o w l e d g e   b a s e   m e m o r i z e s   r u l e s   f o r  

i n t e r p r e t i n g   m e a n i n g s   of  t he   m o n i t o r e d   s c e n e s   f rom  j u d g e d  

r e s u l t s   of  s a i d   s h a p e s ,   s i z e s ,   p o s i t i o n s ,   and  m o v i n g  

d i r e c t i o n s   of  t he   c h a n g e d   o b j e c t ,  

s a i d   r u l e s   f o r   i n t e r p r e t i n g   m e a n i n g s   of  t he   m o n i t o r e d  

s c e n e s   b e i n g   u s e d   f o r   j u d g i n g   w h e t h e r   or  no t   t he   r e s p e c t i v e  

e l e m e n t s   c o m p r i s i n g   s a i d   s h a p e s ,   p o s i t i o n s ,   s i z e s ,   m o v i n g  

d i r e c t i o n s   of  t he   c h a n g e d   o b j e c t   in  t he   r e g i s t e r e d   p i c t u r e  

d a t a   b e l o n g   to  t he   same  c a t e g o r y   w i t h   t h a t   to  w h i c h   t h e  

r e s p e c t i v e   e l e m e n t s   of  t h e   c h a n g e d   o b j e c t   in  t he   m o n i t o r e d  

p i c t u r e   b e l o n g .  
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